



The university regulations state that a thesis 
for the Engineering D.Sc. "must be a record of original 
research undertaken by the candidate, or of important 
engineering -Bork designed by himself, and actually 
carried oat . :Ï,y application is made under the second 
head. 
During the last five years, as electrical engineer 
to a firm manufacturing electrical ignition, lighting and 
starting apparatus for motor cars, aeroplanes, stationary 
gas engines, etc., .L have been solely responsible for 
the design of all classes of such apparatus. 
:Lo comply with the regulations in no case are designs 
referred to unless they have been actually carried out. 
.n my work have had the assistance of the firm s 
technical and drawing office staff; when this help has been 
of importance I have made an appropriate acknowledgement, 
but not in case of work carried out to my instructions. 
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or Ma,meto ignition. 
There has been for many years past a keen rivalry 
between the two ignition systems, Joil ignition is much 
the more popular in America, and magnetos are just as much 
in the majority in this country. I have had the experience - 
unusual in this country, as almost all manufacturers have 
confined themselves to one system only - of developing both 
types of apparatus side by side, and mach light has frequently 
been thrown by each system on the other, .s to the rival 
merits, there is much to be said on both sides, 
she greatest advantage of the magneto is that it works 
independently of any external source of energy, and consequently 
is a self -contained unit, not requiring any external (primary) 
wiring, 
toil ignition has many advantages, and quite a number of 
drawbacks. A coil is slightly cheaper than a magneto; the 
parts requiring occasional inspection are generally more 
accessible; if it is combined with a dynamo much valuable 
space is saved and an independent drive is eliminated; there 
is a definite spark however slowly the engine is turned; a 
greater flexibility of engine can be obtained in some cases by 
increasing the range of timing variation - strictly limited on 
the magneto, it may be as wide as you please on the coil. The 
spark at slow speed, however, may occasionally be embarrassing, 
as a backfire may take place where it would not have done had 
a magneto been fitted, b. loose wire or loose battery terminal, 
meaning complete failure of the ignition, (very difficult to 
prevent with a car in ase year in, year out,may take an un- 
skilled driver hours to locate. x complicated automatic cut- 
off is required if the magneto is to be imitated; if a hand - 
operated cut -off switch is provided, failure of the driver to 
switch off will mean that the battery will be run down and 
quickly exhausted, Any failure of the battery charging 
arrangement means that only a limited and uncertain mileage 
can be run before the matter must be attended to, Still 
further considerations, however, tend to mitigate thses draw- 
backs, If, for instance, the battery charging arrangements 
fail, they must in any case be quickly put in order or the 
car will be without lights, Further, should the battery be 
in such a condition that the starter will not operate, there 
should still be enough energy for a little light, and even 
then if the lamps glow only dimly there should be energy 
sufficient to obtain ignition for some hours; with such a 
series of warnings a driver has only himself to blame should 
he find himself stranded with a completely exhausted battery, 
i should sum up by saying that the coil was a little the 
cheaper, and at the same time a greater pleasure to drive with, 





A complete coil ignition unit has been made Ire in the 
followinT forms; the parts are the same, however the unit is 
constructed, only the driva and irang being varica, to suit 
the engine maker's requirements;- 
Bmbedied with the dynamo, _1 vertical spindle, 
EZT15-67-oiTno -_e dynamo end brackets, driven 
by skew gear from the dynamo spindle, carries a 
cam to interrupt the contact breaker and the 
distributor brush, ' Details of the arrangement 
are shown in fig, 1, The coil is placed some- 
times on the top of the dynamo, and sometimes on 
the dashboard, under the bonnet, 
Fig. i. 
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Magneto replacement unit, As shewn in fig, 2; this 
anit is inlerchangeaSith a standard magneto as 




a ; E, standard racuntir.7, O4ntaet breaker and icaor árE pce . as a separate troi t, a 
drive at oam shaft speed be itt, ; -orevided.. See 
:'4,^. 3 
Age 3, 
s - c . _ , , 5-(z-Lazt. 
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Jontact breakers. 
,iagneto contact breakers will be referred to later. 
the same remarks apply, to a great extent, to coil ignition 
breakers. Une or two fresh factors, however, have been of 
sufficient importance to require further study; these are 
dealt with below. 
Contacts. in all magnetos, with the exception of a single 
cylinder machine with one cam, giving one spark per 
revolution of the armature, the direction of the current 
interrupted by the contacts is reversed each time they are 
opened, .he result is that the contacts wear uniformly, 
at a rate dependent solely on the mechanical hammering 
they receive - that is assuming there is no loss of metal 
due to sparking taking place - and there is no piling up 
sa', or loss of metal from either contact, With coil 
ignition the direction of the current is the same at each 
interruption. There is a choice of alternatives; either 
a reversing switch may be provided, or the effect of uni- 
directional interruption may be observed and suitable 
provision made. 
The following table (fig. 4) shews the result of 
tests of contacts of Platinum and Tungsten operating under 
different conditions. 
Ale contacts referred to in this table were all of 
3,75 m /m. diameter, the pressure between the faces being 
adjusted to lz lips, tí cam breaking the circuit 4 times 
per revolution was employed; a uniform speed of 900 1r,2,M, 
was maintained, that is an engine speed of 1800 r,M, 
1'he corresponding road speed may be assumed to be about 
36 miles per hour. has the mileage corresponding to a 
600 hours' test may be estimated at rather more than 
20,000. r.l.his is more than the majority of cars cover in 
twelve months or even in two years; as the usual guarantee 
period is one year, a run of this duration is more than 
ample to discover any possible shortcoming in the provisions 
made for wear. 
1:o overcome any inaccuracy in alignment, the tungsten 
contacts were slightly rounded on the working faces; it is 
thus difficult to state the exact amount of wear in each case, 
as at first almost a point contact was made, broadening out 
into a larger area as time went on, the rate of wear dropping 
off rapidly as the area of apparent contact increased. At 
any given interruption the current passes across the contact 
faces at practically a point; at all events, however care- 
fully the faces are bedded together, the area across which 
the current flows is very small compared to the total area 
of the face. prom time to time, as wear takes place, the 
current shifts to a fresh part of the contact;all this can 
be detected if the contacts are observed while working. 
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The coils were ali onerated on a 12-volt circuit ; the current 
broken was about 2,0 amperes, the primary inductance 0-(Y2. 
henries, and the capacity oirl microfaradsl, throughout the test 
the secondaries were set to spark across 5.5 aim. 0-point gaps. 
LENICTH 
TACT OF RUN 
OF 
TE RIAL (HO UR5, 
AMOUNT OF 
FIXED MOVING 




CST M* 456. CURRENT 0.02 0.09 
MOVING CONTACT 





R EvERSED, 0.135 0.06 
NO 
TINUM 530 CURRENT. 0.006 O 
MOVING CONTACT 
595 P051T1vE 0.34 0.465 
610. 
Liakins some allowance for the effect of the rounded faces, 
it is seen that with tralmeen contacts the wear due to the 
hammering action alone is very small; with the current flouinc 
the rate of aear is apparently increased, but there is no tend- 
ency for one contact to wear more rapidly than the other and 
there is no tendency for metal to pile up on the nesative 
contact. The Mt zoten employed was pure tungsten; the Dlatinum 
was platinuu-iridim, with f;" pr ut cf the lattGr metal, In 
Order to avoid the unce2tainty introduced by rounding the faces 
the cos of the, platinum contacts were loft flat, and weze set 
careZuly in line. The wear due to mechanical hemmering is 
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evidently inappreciable. iieversals of current were made more 
or less at random throughout the test at intervals of 6 to 8 
hours, or longer; under this condition the wear is also 
evidently negligible. .ith unidirectional flow of current a 
crater formed in the positive contact, and a mass of metal 
resembling an electrolytic deposit formed on the negative 
contact. 
Contact .lireaker Sparking - Causes & Effects. 
it has been my experience that however carefully the 
primary capacity is chosen, sparking at the contacts is never 
entirely done away with, under most favourable conditions a 
contact breaker may be watched, operating in the dark, and not 
a flicker be observed for minutes together, ñ patticle of 
dust, however, of insulating material from the heel perhaps, 
will start sparking which may continue for some time; oil, 
petrol, or any foreign matter on the contacts is of course 
fatal. Abnormally high secondary voltage, as for instance 
when the plug points are opened rather too far, increases the 
tendency to spark; again, a condenser which appears to suppress 
sparking at high speed is generally less successful at low 
speed. ,six -volt coils, breaking 3 to 4 amperes, of one 
particular type were never entirely sparkless; similar coils 
breaking half the current on a 12 -volt circuit gave very much 
less trouble. .he capacity required to reduce sparking to a 
minimum frequently has a definite value, either more or less 
than this amount causing the sparking to increase, 
it appears, too, that there are critical values eitheft of 
I2 or some other expression involving the current and the 
inductanceisparking which takes place where the constants are 
below the critical value is desultory, local heating is not 
excessive, and the contacts retain their polish and wear well, 
If the critical values are exceeded, the sparking tends to be- 
come continuous, the contacts become roughened and pitted, the 
action is cumulative, and the resultant life iff enormously 
reduced. 
he nearly closed circuit coils which L am now designing 
require a very much smaller capacity than the more usual open 
circuit type; the difference is so considerable as to call for 
further study and experiment, but this is have not yet had time 
to undertake. 
it will be readily understood that tests such as those 
referred to in fig. 4 take a very considerable time to catry 
out. .hen, in 1918, I first de jgned a dynamo- battery ignition 
equipment very little information as to contact wear and spark- ing was available, and I was particularly anxious to have no trouble due to this cagse. I accordingly decided at first to 
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ase platino-iridium contacte, to keep the inductance as low 
and the primary capacity as hiTh as vas consistent with the 
secondai,,{ perfoi-adiicb ra.;,uired, and to use a revc.sing 
switch, An exee-lleut reversing switch vas obtaîne<< from the 
Bem,y Oo-npary of U, ,A, Die connections of this sriteh are 
as shown in fi,;, `i, 








GRAM OF. ER5iNG SWITCH 
iig. 5. 
It will be seen that there are eight positions of the switch 
daring Va complete revolution of the contacts; a ratchet 
ensures movement in a clockwise direction only; On and Off 
positions follow alternately; in each On position the current 
through coil < -nd contact breaker is in the opposite direction 
to the one before, This switch ensures a continued reversal; 
the driver operates it as if it were a simple cut -off switch, 
Iy experience with this arrangement on the car endorses 
the results obtained on the tost bench, If the contacts are 
properly incline, are kept clean, and oil and petrol are not 
allowed to creep near theme, the=;T will last for almost an 
indefinito period , 
In due course I carried out the tests referred to in 
fi,, 4, and in spite of the excellent results obtained, I 
decided to give up the use of the roversin.' switch, and to 
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use inotead a simple cut-off switch, for the reasons stated 
beloi : 
2. If a reversing switch is employes both contacts 
and their terminals must be in_eul= tec and it is 
pcasiblc; for a oareleae drive_, adjusting his contacts 
without first openi_e his switch, to short circuit his 
battery. he prevent airs being, quite rightly I 
consider, to maize the eletrical equipment ever tore 
rigidly foo_ -proof in such details, this mast be 
judged a drawback, Using; an earth return, 1 now 
employ the scheme of conneotions shown in fig, 6, which 
overcomes this drawback, 
Fig, 6, 
The driver, in earthing a contact, can only make the 
oireait; he oannot short the battery, 
2, The extra cost of double pole wiring, insulated 
terminale, ane special switch, is a d.isadvvntacre, 
3, I finC that with the provision of three switches 
in line, for head and tail lamps, side and tail, and 
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ignition, respectively, all of uniform appearance, the 
driver more readily acquires the habit of pushing them 
all off together, with the result that complaints of 
switches left on over week -ends and batteries exhausted 
are now much more rare. A reversing switch cannot 
readily be made uniform with the lighting switches. 
4. prom fig. 4 it appears that a platinum contact 
0.75 m /m. thick, a familiar standard, would probably 
last for about 36,000 miles, or several years' life of 
an average car; this is all that can reasonably be 
demanded of the manufaôturer, as even after this time 
the cost of renewal is trifling. 
vurrent limit arrane-ements and automatic cut -off switches. 
:she running current of an ignition coil is much less 
than it takes when standing; many coils burn out if left 
standing with owt current switched on for half an hour or so. 
Oo prevent this 1 choose a primary wire such that the stand- 
ing current will raise the coil temperature to no greater 
than the limit usual for windings. prom 8 to 12 watts, 
depending o4 the type of construction of the coil, may be 
dissipated with a temperature rise not exceeding 80° 0. 20 
watts or more may be the total consumption of the coil when 
standing. .:he difference I have made a practice of 
dissipating on a resistance unit pf wire wound on mica, and 
covered with a silicate cement. he object of the cement is 
to endeavour to prevent the wire from getting brittle owing 
to unequal or extreme local heating which might occur were 
bare wire used. At the outset i was extremely nervous 
lest the fracture of this resistance wire should be a common 
occurrence, having had an unfortunate experience of this 
happening in the past on another class of work. it must be 
borne in mind that /failure of this kind is of so much 
greater importance than many other troubles, as a break in 
the primary circuit means a total paralysis of the car, with 
perhaps hours of work before the fault is located, let alone 
repaired. Actually the arrang enent has proved quite 
successful; of many thousands so far made no single breakage 
has been brought to my knowledge. 
une well -known .merican firm employs an air -cooled wire 
of high positive temperature coefficient, presumably pure 
nickel, wound on porcelain. -r experience is that with a 
temperature rise that can be permitted - i.e. without fear of 
tarmishing the metal - the hot resistance of nickel is about 
3 times the cold. .his gives a convenient method of combin- 
ing a moderate standstill current with an increased voltage 
on the winding at high speed, where it is most required. he 
device has been patented. 
PAGE 1.2. 
DATE 
utomatic cat -off switches, in which the differential 
expansion of a brass -iron member heated by a coil wound 
round it is caused to trip the switch, have been on the 
market for some time, -y experience is that with the 
cumulative effect of permissible shop variations in manu- 
facture and the wide range of voltage over which the battery 
varies, and so on, switches of this kind have too narrow a 
margin between operating too quickly and not operating at 
all; either contingency is so embarrassing as to make the 
substituting of a hand -controlled switch preferable. :they 
are apt to introduce complications of this kind unless very 
carefully made and calibrated, and are then apt to be 
expensive. ùther methods, for instance a diaphragm in the 
induction pipe which closes a contact on the first suction 
stroke; are being tried. 
:here is little doubt that when one turns from this 
problem to look at the magneto, one great drawback of coil 
ignitoon is at once displayed. 
yams and ;;ontact Breaker .uevers. 
she usual arrangement for breaking the circuit is that 
the contacts are opened by the cam and closed by spring 
pressure. she maximum opening of the contacts is usually 
arranged to be about 0.4 m /m. If a smaller opening is 
provided there is very little margin for wear, while a 
larger opening is undesirable, as the forces acting at high 
speed are apt to be unpleasantly large and a greater gap 
increases them. The actual profile of the cam will of 
course depend on the ratios of length of make to break and 
on the ratios of distance from pivot to heel and pivot to 
contacts, whilst the acceleration during the beginning of 
the break period is also of much importance and mast be 
taken into account. -* find that cams made of case- harden- 
ing steel, hardened, carefully ground and finished to a 
high degree of polish give very satisfactory results and 
cause very little wear, provided that the cam is so shaped 
that the initial rate of opening twhen it first strikes the 
lever heel) is not too great. :.;he difference made if these 
precautions are omitted is surprising; the face of the heel 
will be worn down rapidly and after only a short run the 
contacts will hardly open, the timing be changed, and soot 
the coil will stop sparking. she ratio of time of make 
to time of break can be settled without much hesitation. 
.he make period can be either quite short or comparatively 
long - both systems are in use. If a very short time of 
make is adopted there are two disadvantages to be faced; 
the current interrupted at low speed is necessarily higher 
than where a much longer make is provided, and sparking at 
d''/.! a h 
PAGE 13. 
DATE 
the contacts is more difficult to suppress; in addition, 
the arrangements for making and tripping the circuit, in 
order to ensure good wear, are necessarily more elaborate, 
un this account have always employed a long make, of 
about two -thirds of the total period, ..ith a very short 
mak e tkEettreritasaiewansiihaessaTtilesmin 
and the current interrupted will fall of rapidly with 
increasing speed, with a long make the coil time constant 
can be chosen so that only at the very highest speed is the 
carrent interrupted substantially less than the maximum 
tstandstill) current, In order to employ as big a primary 
inductance as is permissible the time of make should be 
chosen as great as possible; there is the practical 
difficulty, however, that a very short break would necessitate 
a very narrow heel and a very quick lift, both making for un- 
due wear; further, any increase beyond, say, a two thirds 
make period will mean only a relatively unimportant percent- 
age increase in contact time, Two thirds make, onethird 
break, or thereabouts, therefore, may be adopted as the most 
satisfactory compromise, 
.o reduce the shock due to the impact of cam on heel 
at high speed, to minimise the wear of the heel, and to avoid 
unduly stressing the lever, the rate of opening of the points 
should be as low as can be permitted, une writersassunes 
that the cam is shaped so as to produce a sinusoidal movement 
of the contact lever during the first part of its opening, as 
in n, fig, 7, 
A 
OPENING WITH LEAST 
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As the total amplitude of the movement may be perhaps as little 
as 0,2 m /n, (this of course depends on the construction), and 
as the movement depends partly on the cam shape and partly on 
the exact bedding of the heel on the cam, an attempt to 
specify so accurately the displacement time curve of the lever 
is, in my opinion, impracticable, It has to be taken into 
account, too, that many engine makers demand that the firing 
intervals shall be extremely accurate, .or instance, a maxi- 
mum error of one degree (measured on the crank shaft] between 
successive firing angles is commonly asked for, This require- 
ment calls for an abrupt opening, as shewn in B, fig, 7., which 
with accumulated variations due to manufacure or to wear for 
a given displacement of the lever, marked 5 , representing the 
effect of these errors ( or of the wear] produces only a small 
error of timing, d , A displacement curve as shewn at ri, 
would not -nrmit of the reciuired accuracy of timing being 
maintained; for the same value of S , 9 will obviously be much 
greater; curve B would not only cause too rapid wear to the 
heel but, with the usual spring pressure, would cause the 
lever to fling badly at high speed, delaying the start of the 
next makeperiod, a very serious matter, as will be seen presently, 
A compromise such as is shewn diagrammatically at C produces, 
I find, good results and gives little trouble from any of the 
causes named, 
u eration of the contact Breaker at high speed. 
it is of no great importance if a magneto contact breaker 
heel does not strictly follow the cam at high speed; a slight 
amount of flinging means that the break period is prolonged 
and the contact period correspóndingly shortened; unless in an 
extreme case the instant of break, upon which the timing of 
the spark depends, will not be affected, There is always a 
large surplus energy at high speed, and a much shorter time 
of short circuit will generally be ample to provide a spark 
energy considerably in excess of what is sufficient at low 
speed, 
With coil ignition, however, it is imperative that there 
shall be no flinging at all, 
A coil designed to give with the least possible primary 
current not less than a certain definite spark utility at a 
stated maximum engine speed will at top speed break a primary 
current much less than the maximum. Thus any reduction of 
the time of make will mean, as illustrated in fig, 8 a 
further serious reduction of the primary current broken from 
it to i2 and of he spark utility, 
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Jig, 8, 
ì have found that a most useful method of testing the 
contact breaker for flinging is to measure with a moving coil 
ammeter the variation with speed of the apparent current in 
a strictly noninductive circuit interrupted by the contact 
breaker under examination. If there is no flinging the ratio 
of ammeter reading to standstill current should be independent 
of the speed, being determined solely by the proportions of the 
cam (see fig, 9j, 
AMMETER READ5 
AVERAGE CURRENT. VALUE OF 
ENT STANDSTILL 
MAKE 
A SL 4.4 r, ,. i L,tt/-017. 41024} 
d-L. fh.'"'°"` 44. 
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If flinging takes place the instant of make will take place 
later, as shewn by the dotted line, and the ammeter reading 
will fall. When one is accustomed to watching the ammeter 
reading fall rapidly with increasing speed, as when the 
apparent coil current is measured, it seems remarkable to 
observe the performance of a carefully designed breaker; the 
ammeter reading will spew not the slightest sign of movement 
for a very large range of speed. .he test is very helpful 
in clearing up all doubts on the score of cam shape, moment 
of inertia of lever, or spring pressure; it is obviously 
necessary to dispose of these matters before considering coil 
performance at high speed. 
spring oontrol. 
If at the moment of opening the contacts the product of 
initial acceleration and the mass of the lever exceeds the 
spring pressure, the lever will bounce, the heel leaving the 
ca ;; if it returns before the cam is ready to let it drop the 
break period will not be affected; otherwise the break period 
will be lengthened. It is possible for the lever to lag 
behind the cam on the closing edge; it is also possible for 
the moving contact to bounce back after it has struck the 
fixed contact. Owing to any or all of these causes the break 
period is lengthened, and this must be avoided. 
.she lever must be made as light as is consistent with 
the strength required; the shape of the cam has already been 
discussed; only the spring pressure remains to be considered. 
.phis should not be excessive or the contacts will spread under 
Ahe force of the blows and the heel will wear more rapidly. 
To provide nearly uniform pressure for large quantities of 
breakers with the inevitable small variations in dimensions of 
spring, fixing arrangements, and so on, that are bound to 
occur in manufacture, it is desirable that the spring should be 
under a large initial stress before the contacts open, and that 
it should not change much when they are open to the fullest 
extent. On the other hand, a spring exerting little pressure 
when the contacts are closed but increasing considerably with 
the normal opening will cause no additional hammering on the 
contacts and will be much more useful in preventing flinging. 
S .ould the heel fling clear of the cam this pressure would 
still further increase, the extent and time of the fling would 
be less and the heel being in the air no additional wear would 
be involved. 
.4-1, combination of both springs appears to me to 
answer best; in the contact breaker illustrated in fig. 10 
DATE 
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the aniform pressare is given by spring A, the spring B is 
mach stiffer. The combined effect is shewn diagrammatically 
in fig, 11. 
-0' OISPLACEMENT OFMOVINGCONT 
FULLY OPEN , . . 
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l'ivots and .eels. 
.rouble due to sticking magneto contact breaker pivots 
will be referred to later; i have never experienced more than 
a fraction of the trouble with coil ignition, large because 
a stationary lever can be employed with more room for the 
parts, and larger working forces. .cor convenience of manu- 
facture T now use many common parts for both magnetos and for 
coil ignition, and all the remarks about magneto contact 
breakers apply here equally. It appears most satisfactory 
to make the heel of fibre or bakelite, choosing the direction 
of the grain so that wear takes place across the edges of the 
laminae, not across their faces. 
IGÏ TION 
Requirements to be fulfilled. 
n one way there is much more scope for good design in 
coil ignition than in the magneto. Of the latter you may 
say "look after the slow speed performance and the rest will 
look after itself', but the former has no such single obvious 
limitation; the performance as a whóle should be judged 
according to the degree with thich it fulfills several 
conditions which have a certain amount of independence of 
one another. 
It is generally assumed by most writers on ignition 
that if a spark actually occurs at the plug ignition will 
follow provided an explosive mixture is present in the 
cylinder, that however much the spark energy be increased no 
increased power will result, and that if a spark takes place 
and no explosion follows, increasing the energy of the spark 
will not cause an explosion. .ngine makers and designers 
will seldom accept these statements; the temptation to blame 
the spark for not being hot enough, when any trouble, the 
cause of which is unknown, occurs, is too great. Many times 
have I been told that when the spark energy has been increased, - 
e.g. by working a coil from a higher voltage - missing has been 
stopped; on investigation it always turns oat that some other 
unsuspected trouble proves to be the cause, or that one or 
more plug circuits have so low an insulation resistance as to 
prevent a spark from occurring at all at the lower voltage. 
of course, occasional missing of the spark is not uncommon 
under adverse circumstances, such as when the insulation 
resistance of the plug circuits approaches the limiting 
value below which the coil begins to miss, and as such 
occasional missing is very difficult to detect it is not 
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unnatural to ascribe an increase of power with increase of 
coil energy to an increase of energy per explosion rather 
than to an increased number of explosions of the sameenecgy. 
Assuming then that it is necessary merely to cause ä 
spark without regard to its character, the first requirement 
of a coil is to provide a spark which is quenched by the 
lowest possible insulation resistance; that is the utility 
* 
of the coil should be as high as possible. 
;;;o far as i know all writers on the subject of ignition 
ignore the fact that owing to more than one cause the spark 
takes place at high engine speed in a much lower compression 
than at low speed. There is a very good reason why they 
ignore it; they consider the subject exclusively from the 
point of view of the magneto, in which no use can be made of 
this fact; the energy of the magneto spark normally cannot 
but increase automatically with increase of speed. in fig. 
12 particulars of a number of engines of different character- 
istics have been collected, from which it is seen that the 
compression at the moment of explosion may be less than half 
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a resistance in parallel with the spark gap a d is 
it causes the spark to miss occasionally, 10* R is 
coil utility at that voltage or for that spark 
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Aseumiee, as aepears reasonable, that a uniform factor of 
safety is desirable at all epeed s and that the valu( of the 
utility is a measure of this factor, the coil should be 
designed to give approximately eeaal utilities at low and at 
high speeds, the latter being measured at re,luced ressure, 
or if measured in air, at a re,uced gap langth corresponding 
to the lower pressure chosen, This statement needs a little 
qualifioation. Owing to condensation tahing place on plugs 
and terminals when the engine is cold, starting (that is,- 
slew speed; oonditious are rather worse than subsequently 
when the engine haa warmed ap alIZ:* the moisture has been 
evaporated. Thus the elo; speed utility may well be a little 
mores- than the high speed value, even when the difference of 
pressure is allowed for, Thic may be oonsidered the secohd 
requirement, 
Another requirement is that the coil should sparh at 
as low a voltage below that of the normal battery as possible. 
When a starter is operativg from a nearly exhausted battery, 
especially when the eneine is cold, the battery terminal 
voltage may be very low. It is in such circumstances that 
the highest utility may be re.luired. Apart from starting 
it is an advantage if the coil will operate from an almost 
exhausted battery, Another great advantage is gained if 
in the absence of a battery altogether a ]river an in an 
emereency .eet sufficient energy from a refill for a pocket 
electric torch; a standard 3-cell refill will give about 2 
volts O. ampere; the latest standard coil i have designed 
will operate at 1,5 volts (normal voltage 6) taking a running 
current of 3 amperes or less, Thus this reuirement can 
easily be falfille, 
Lastly, the current consumption should be low, the 
lower the better, The designer's problem is to meet all 
these reQuirements as completely as possible. 
The Design of the Hagnetic and Electric 
Circuits of an lenition Ooil. 
In 1918 it became necessary to prepare for the manufacture, 
in lerge quantities, of ignition coils for high speed 4-cylinder 
engines, So far as i am aware, the design of ignition or 
induction coils has been considered by few of the authorities 
on the aesign of electric apparatus, and by none of them in 
any detail, rrofessor Taylor-jones' papers* showed how complex 
the sublect was, but did not readily permit any conclusions 
being draan which eould be of much assistance to the designer, 
at all events not without Prolonged experiment, fo: which 
there wes then no tiae, Recent experiences incline me to 
believe that even from a commerical point of view there is a 
Refrucarta !Ltd, of-et _Zit& 




great deal more to be considered than appears at first sight, 
and the subject seems to grow the more closely it is studied, 
Wiewed with later knowledge, my earlier designs appear sadly 
out of date; however, in order that this may be an accurate 
record of work done, in the following pages 1 have first 
described the methods I employed in 1918 in order to obtain 
satisfactory results; later improvements are then described, 
and finally the nearly closed dircuit coils which I am at 
present designing. 
first made an analysis of the chief features of the 
best Down ignition coils then on the market; two or three 
were made by American firms and one by .Dosch. None of these 
afforded very much useful information, i was told that the 
former did not prove very reliable, that insulation breakdowns 
were too frequent, and that contact wear was excessive, perhaps 
owing to too great primary current, .he latter were used 
chiefly in conjunction with magnetos, the coils being apparently 
designed only for starting and were evidently not suitable for 
running at high speed. 
An engineer, unused to the problem and with scanty inform- 
ation to guide him, who wishes to design a transformer, may 
conveniently proceed by assuming a definite magnetic circuit, 
and calculating suitable windings to link with it; the perform- 
ance may then be worked out in detail, the initial assumptions 
modified in whatever direction is indicated by the results, 
and the calculations repeated to obtain a newresult, the proced- 
ure being repeated until the most satisfactory solution is 
arrived at As an induction coil somewhat resembles a trans- 
former i adopted this procedure, 
Alternative Lorms of Magnetic circuits. 
.ost induction coils have only a core of magnetic material, 
the circuit being completed through an air path; unless the 
outer diameter of the coil is small in comparison with the core 
length the linkage of flux with the outer layers of the windings 
will be far from complete, 2resumably to overcome this difficulty 
Bosch used a core with circular laminated cheeks, of the diameter 
of the top of the coil, fitted at either end, no one so far 
as I know has employed a magnetic circuit more nearly closed 
than this. Apart from the effect on functioning i considered 
that there was an objection to covering the coil in with iron 
over the top of the windings, as with the nET, end of the 
secondary winding outside - the usual procedure - very thorough 
insulation would have to be provided between the winding and 
the iron (the latter being at earth potential) so that both 
the overall dimensions and the cost would be increased; the 
secondary capacity would als3 be increased, and this I found 
was apt to lower the spark utility, 
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Both theory and experiment sheaved that the flux linkage 
with the secondary turns in a circuit of this shape was duite 
good. The magnetic circuit, shown full size in fig. 13, 
CONDENSER 
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was accordingly adopted, and for this it wasfou d that (with 
equal primary and secondary turns/ 
M11 . o .35 L., 
= /7. -r,% 
both relationships being approximately true for low densities 
in the core; with the dimensions and number of turns adopted 
this linear relationship was never substantially departed from, 
with a construction employing iron core only it was found 
difficult to increase the value of M much above 0.70 Ll. It 
may be noted that with the use of the end cheeks the field due 
to the primary does not tom; fe ^f. ^^tia -tai of e stray 
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over so large a space; a circle of twice the diameter of the 
end cheeks would embrace probably more than ninety per cent 
of the total flux. If a magnetic core only is used the 
same percentage of the total flux would be enclosed in a much 
larger volume, of much greater length than the coil as well 
as of increased diameter. As the coil may in practice be 
mounted close to a large mass of solid metal, either magnetic 
or nonmagnetic and with low resistivity, such as aluminium, 
the partial screening provided by the iron end cheeks is a 
second advantage possessed by this form of circuit. 
,he .erimary Winding. 
Assuming in the first instance that the steady current 
consnmptionof the coil when the contacts are closed is already 
fixed by conditions imposed on the designer, such as the size 
of battery to be employed, the charging current of the dynamo, 
and so on, there will be a definite number of primary turns 
which will give the best high speed performance. 
The equations governing the optimum number of turns 
are 
0 /7.5' e, - ) 
cr.cd . , : j (i - F 2') (i ) 
L, i yr s. --dr -C LÜDI /; 0 - /7- z «(r ) 
0 l/ a , /0 ' 
The coil to be designed had the following constants 
4 /2 w R, 6-674 í 
;l, I. r ia _f C-67 x to- 1.eed- 
These values were inserted in the above equations and . 
values of i1 for different values of It were worked out; the 
product of i, and Ti were then plotted against T1 , as shewn 
in fig. 14; the maximum value of i, T, was found to be 550 
occurring at a value of 6, of 420 
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she same solution could of course be arrived at analytically, 
but with higher flux densities eluation ¡1) can be represented 
only by a magnetisation curve, while L is no longer a constant 
and must be represented by further reference to the magnetis- 
ation curve, so that in general a graphical solution is the 
only possible one. 
The number of turns actually decided upon was 350 
instead of 400, the optimum value already found. The smaller 
number was chosen, as a lower inductance meant less tendency 
to spark at the contacts and the peak was not very pronounced. 
The number of turns decided, the size of wire was 
settled by assuming that if the driver omitted to switch off, 
and the engine stopped in such a position that the contacts 
were closed, the standstill current would raise the coil to 
about 800 8. About 10 watts could be dissipated in the coil 
with this temperature limit; the rest of the power, 11 to 12 
watts, was absorbed in an air -cooled series resistance, out- 
side the coil. 
,,econdary i:inding and Insulation. 
Secondary voltage is determined bv the number of 
secondary turns and the rate of decay of the flux. Over the 
latter factor the designer has no control, it being taken for 
granted that all active iron is laminated as much as possible; 
as for the former, sufficient turns must be provided to permit 
of a reasonable low voltage performance. ,:ith 24,000 turns, 
the number chosen, the secondary would spark across a 5.5 m /m. 
3 -point gap (9,000 volts, say) with slightly less than half 
the normal voltage; this was then considered good enough. 
S. . 42 enamel insulated copper wire was employed for the 
secondary conductor, there béing about 60 layers, and 400 
turns per layer. If the voltage at which the safety gap 
operates is assumed to be, say, 15,000, the maximum voltage 
between layers will be 500, the peak of the pressure wave 
may well be considerably higher than the value assumed, 
however, so decided to insulate-between layers with varnished 
paper, doubling the thickness over the half layer at the end 
at which the voltage was the maximum. the insulation between 
the outer layers of the coil and the cheeks had to be very 
thorough; I used washers of varnished silk, empire cloth, and 
leatheroid, the last adjoining the cheeks; 1 found that with 
a reasonable amount of insulation properly disposed, no brush 
discharge could be observed from the coil in the dark. 
,everal thousands of these coils were made, and have 
proved successful, insulation breakdowns from one cause or 
another having occurred in only five coils (so far as 1. can 
tell) up to the present, the failures from all causes 
including such mechanical failures as broken or severed 
connections not being many more. 
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Boils with improved rerformance. 
No great improvement in the design of any particular 
apparatus can be expected with a reliable and accurate 
method of testing and comparing performances had been developed. 
I attempted to estimate the ignition value of the spark by 
the following means:- 
(a) .y finding the greatest gap the spark would 
jump without occasional missing. 
kb) .y direct measurement of the spark voltage. 
¡e¡ By measuring the spark current. 
kdJ IT measuring the spark energy in a calori- 
meter). 
As other investigators have shewn, many interesting and 
curious results may be obtained from such tests, but their 
interpretation is a difficult matter, and their value now 
seems small. .he test of 'utility', as defined on page J9 , 
which seems by far the best yet devised,was introduced, so 
far as i am aware, by a committee of the British Ignition 
Apparatus association. uneauthority on magnetos, lax. u.. 
Watson, employs as resistance a step -down transformer and 
varies a resistance connected across the low tension circuit. 
i have avoided such an arrangement thinking that probably 
spark generators of different characteristics - e.g. in wave 
form or frequency - would with an equivalent resistance of 
this nature give misleading results. i first used a high 
resistance consisting of rods formed of a mixture of carbon 
and non -conducting material; the resistances were high enough 
but had an unpleasantly high temperature coefficient. a,,r. 
J.D.Morgan pointed out to me that in addition, owing to the 
nature of the discharge, there might well be an effect 
similar to what takes place in a coherer and that the rods 
might therefore be unreliable. úe suggested a water -column. 
;phis I tried, found to be very convenient, and have used ever 
since. All that is necessary is a number of water columns 
in glass tubes of varying diameters; the resistance of each 
may be varied by means of a movable electrode; the amount of 
the resistance an be measured by a megger. 
she coils referred to above were built before i had 
made mush progress in utility testing, 1 comparison of the 
utility of this coil with that of a standard magneto at high 
speed ¡see fig. 16, no. lj suggests that the performance of 
the former might with advantage be improved. It is 
difficult to say exactly how large the utility ought to be 
'AGE 26. 
DATE 
made, as the question obviously depends on plug insulation 
and other quantities which may vary very largely. :..air of 
these early coils have been use for winter and summer without 
ever causing misfiring. l,lissing at one or more plugs on 
starting has sometimes been reported in very cold weather 
owing to petrol condensing on the plugs, which do not there- 
after spark until they have been dried. It is difficult to 
say whether this was not a fault of carburation rather than 
of ignition, but the coil might have functioned better with 
an increased utility. ..here is no necessity very greatly 
to increase the utility; apart from the expense, the additional 
current consumption, and so on, the plug electrodes would burn 
away too quickly; farther, experience shews that if the resist- 
ance of the plug circuits is very low it is due to abnormal 
and unsuitable conditions; either they will quickly improve - 
as by the evaporation of moisture - or grow worse, causing a 
short circuit - as with overheated or cracked plugs, etc. 
utility of, say, 10 means that there would be a H.. 
leakage current at 10,000 volts of 0.1 amperes, in addition to 
the spark current. unless the skin effect is great the 
resistance drop in the coil with this carrent would not be 
large, but the reactance voltage may well be consiéierable, as 
the effective frequency at which the discharge takes place 
must be high. Thus if, as in the coil described above, the 
secondary turns are many more than are necessary, at normal 
primary voltage, to give the necessary secondary voltage, 
reducing the number of secondary turns will lower the internal 
drop and increase the utility. 
Experiment proves this to be the case. i.n fig. 15 
ULM II 
III MEW v 
,AGE 27, 
DATE 
are plotted the results of a test made on a coil, the utility 
of which was measured with a fixed primary winding, primary 
current, condenser, and magnetic circuit, but the number of 
secondary turns of which were varied, his suggested a way 
of increasing the utility of coils of earlier design, .à 
reduction of secondary turns however meant a worse perform- 
ance at low voltage; this 1 found could be remedied by care- 
fully increasing the primary ampere turns as much as possible, 
without causing contact sparking or increasing the time 
constant sous unduly to prejudice the high speed performance, 
.urther tests on contact sparking shewed that the inductance 
of the early coils might be increased by a substantial amount 
without danger, and considerations such as those shewn in 
fig, 1%, page , * indicated that the high speed utility 
might wîth safety be allowed to drop, :she neces,Bity for high 
primary and low secondary ampere turns to develop the greatest 
possible utility in the magneto has been pointed out by nr, 
y,A,,atson;* the same is evidently true of the ignition coil, 
for which the low voltage test corresptnds to the low speed 
test in a magnet, 
à further series of coils was made embodying the modifi- 
cations just considered; the performance of these coils 
shewed a considerable improvement over the earlier types, she 
variation of utility with speed and spark length with voltage 
are shewn in figs, 16 and 17, The figures of merit of a 
number of coils of different design are tabulated in fig, 18, 
she numbers shewn on the curves in the first two of 
these figures refer to the coils tabulated in fig, 18. In 
fig, 16 the early type of coil described above, and numbered 1, 
has a rather worse performance than number 6; the latter how- 
ever has almost twice as many secondary turns and a different 
type of magnetic circuit, Coils 4 and 8 had the same magnetic 
circuit as coil 1; coil 4 was designed for specially high speed 
engines for racing; all the foregoing were for 4- cylinder 
engines, in coil 8 for a 2- cylinder engine advantage was 
taken of the increased time of make, to increase the primary 
inductance, .he two -cylinder engine runs twice as fast as 
shewn on the speed axis, soil 12 is built with a nearly 
closed magnetic circuit and described below, in figure 17 
the danger of a large number of secondary turns kcoil 6) is 
shewn; the performance with a variable voltage shews that 
although this coil gives an excellent spark with low voltage 
it is entirely dependent at normal voltage on the safety gap 
for keeping down secondary voltage in the event of a break in 
a plug lead, if the safety gap is disconnected or accidentally 
widened the voltage at normal battery voltage will rise 
*I, E, E, Journal, vol, 59, no, 301, 
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dangerously, thus risking an insulation breakdown. 
In working out the figures of merit tabulated in fig, 
18, column j4 , the slow speed utility has been chosen, 
unless the high speed aitilty is less than one third of that 
at low speed, in which case three times the high speed values 
bas been employed, :.his is done on the assumption that the 
best conditions are when the windings are so proportioned as 
to give the three to one ratio, 
limo wail MIMI alai mom ir 
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oils with nearly closed magnetic circuit, 
.11elieving that the limit of improvement obtainable by 
varying the windings had been reached, ï next made some 
experiments with the ob5ect of obtaining a still better 
performance by modifying the magnetic circuit. .1. first 
attempted to see to what extent the air gap path could be 
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reduced, and thus the primary ,.1 for a given flux, with- 
out interfering with the performance. As a 
preliminary i 
made a test to determine the coercive force 
of lohys steel, 
and found that this varied between 1 and 2 a, 
then made 
up a magnetic circuit with a very short gap, and 
calculated 
its magnetisation curve, and also the residual 
flax left 
in the circuit on opening the contact breaker, 
;,o far the 
test results chewed close agreement with this, lilthough 
the length of gap was chosen so that the flux 
drop on 
switching off was a maximum, the performance 
proved to be 
not so good as when a larger gap and smaller flux 
was 
employed, ï attributed this apparent discrepancy 
to the 
form of the magnetic circuit adopted. I had made the coil 
as shewn in fig. 13, adding a laminated yoke registered 
into the end flanges; presumably the lamination was not 
sufficiently good at those parts in the circuit where the 
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made up coils having joints interleaved and theaole circuit 
arranged as in a shell type transformer. his form gave 
better results than before, but I still found that the 
maxi :num active flux (that is to say the difference of flux 
which takes place on switching off) did not give so good a 
performance as when a larger gap was chosen, un further 
consideration it appeared that at least two improvements 
might be made. if the gaps were split up into several 
places in series in the magnetic circuit the length of gap 
at each joint and consequently the eddy currents produced 
by whatever proportion of such flax as strays across the 
plane of the lamination, would be reduced, In the second 
place there appeared to be an advantage in locating one or 
more gaps in the core on which the primary winding is 
wound, particularly if one of the gaps is made in the middle 
of the core, as obviously the flux fringing across the gap, 
and consequently any eddy currents, should be less here than 
anywhere else in the circuit. ..urther experiments proved 
this to be the case. 1. made up coils with three very short 
air gaps, one in the middle of the core and one at each end. 
he results obtained from coils of this type were not only 
mach better than any previously obtained but the best 
performance occurred with a much shorter gap and at much 
higher flux densities than before, it would seem to appear 
from these results that with more careful lamination of the 
circuit the length of air #aps which gives the maximum active 
flux also gives the best sparking performance, The results 
of tests carried out on nearly closed circuit coils are shewn 
in figs. 16 and 17Vkl;Olt will be seen that the all -round 
improvement, taking into account the cost of production, in 
which the number of secondary turns and the capacity of the 
condenser fora a high proportion, the reduced current con- 
sumption, and the other quantities involved in the figure of 
merit, is very considerable, ran incidental discovery was 
made that sparking can be suppressed by means of a much 
smaller condenser than was necessary with the open circuit 
coils, In the latter a condenser of capacity from 40 to 
.15 microfarads was required, the cost of manufacture of 
which alone amounted to several shillings, With the nearly 
closed circuit coil a condenser of only about 0.04 to 0,06 
microfarads proves to be sufficient; 1. presume that the matter 
is connected closely with the nature of the voltage wave 
producing the initial discharge which goes to form the spark, 
norther advantages of the nearly closed circuit type coil 
are described in iatent Application loo, 11727/22., a copy 
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rractically all the literature that has been written 
on the subject of magnetos is the work of the last four or 
five years, When first I had to design a magneto there was 
very little information to fall back on; perhaps the greatest 
difficulty of all was the absence of any definite and accepted 
standard or unit by which the performance of a machine might 
be judged, and much time was fruitlessly spent in attempting 
to measure quantities which afterwards proved to have little 
or no relation to the essential requirements. Bosch had been 
at work for many years on the subject, but had kept his con- 
clusions to himself. ÿhe Bosch patents, over a lOO in 
number, ate of considerable interest, but refer chiefly to 
small met hanical featured, and principles are hardly referred 
to at all. However, there were magnetos of many types and 
sizes in existence, and in the absence of a theory it was 
necessary to construct one, checking it by continual refer- 
ence to test results. in designing i began by following 
closely on the lines of the Bosch machines, but very soon 
found that it was desirable to deviate from these in one 
way or another; in the latest types 1 have designed there is 
very little resemblance to a Bosch or any other machine 
except in the principle of operation. eviewing my early 
experiences and in the light of later knowledge i consider 
that the Bosch magneto owed its reputation to its superlative 
workmanship, that its electrical performance was only fairly 
good, and that its mechanical design was unnecesarily 
intricate. she last feature was the cause of many of my 
early difficulties and some failures. I now think that the 
root of much trouble lay in the unsuitability of German 
design for reproduction by n glish labour; later designs 
have shewn that such troubles need never have occurred. 
it will be understood that a chronological account of 
work designed and carried out would be a somewhat confused 
account of theoretical considerations, imperfect designs, 
test results, and fresh beginnings. .qor the sake of clear- 
ness i have grouped together all similar matters without 
referenceto the order in which they were considered; certain 
matters to which i refer have already been dealt with by 
others working in the same field, but j, have not thoughtit 
necessary on that account to exclude my own results; where 
I have been indebted to anyone for information ï have 
stated it. 
Output and input - ;:figure of l:erit. 
One of the greatest difficulties with which, in common 
with other investigators, ï was faced at the outset was to 
dedide what was to be considered as the output of the magneto; 
much valuable time was at first wasted (so I now think) in 
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attempting to measure spark energy, and so one The only 
quantities which appear to be of real service as measures 
of the output are the reciprocal of the least speed at 
which the magneto will spark across a standard gap, and the 
'utility' developed at a standard high speed, The latter 
denotes the greatest conductance which can be paralleled 
with the standard gap before missing commences; if it is 
assumed that conductance at a fixed voltage measures the 
current, then utility may be treated more or less as an 
output, in order to make a just comparison between 
magnetos of different design, however, it is not sufficient 
to compare only their utilities; the slow speed performance 
should also be brought into account, Since by varying the 
secondary turns the one may be improved at the expense of 
the other, both the utility and the minimum sparking speed 
varying approximately inversely with the secondary turns, 
input, if the magneto were viewed as an alternator, wmuld 
be the mechanical power required to drive the machine, the 
excitation of which is provided from a separate source - the 
magnet, Actually neither input nor efficiency are of much 
interest to the designer; the magnet, however, which is the 
chief factor in determining both the output and the main 
dimensions of the machine, should be introduced into any 
expression to be used as a figure of merit, In fig, 19 (a) 
a portion of a magnetisation curve is shewn; to establish 
an armature flux u a magnet flux ®q _ Ø. is required, 
and, allowing for armature reaction, ampere turns of value 
OR = , in fig, 19 (b) STU is part of the magnet 
hysteresis loop; if a, magnetof cross -sectional area A and 
length L are chosen, while 0V = x and V = y, then the 
relationships exist f fl f .r t1 (Ae lJ 
and . will be a for given values of 0e4,---0( /1 when 
xy is a maximum, 0WU represents the product zy plotted 
against values of A, if it is assumed that a magneto is 
designed so that it operates in the region of the(BH) max, 
product, of in other words that the magnet is used to the 
best advantage, the product Vj Bii will serve in place 
of input and will enable comparisons to be made between 
machinew of different sizes, as well as with magnets of 
different materials, A figure of merit may be made with 
the quantities referred to above in the form 
or in symbols 
/V. V_ ( O H)h, 
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it may be considered as the utility generated per unit of 
magnet available energy, reduced to a common standard slow 
speed performance; to a certain extent this corresponds to 
the output coefficient used for Other classes of electrical 
machinery. 
Equivalent 1.1agnetic Jircuit of a ,,iagneto. 
If a magneto, assembled before magnetising, is magnetised 
by means of an electromagnet, on switching off the exciting 
current the magnet flux will fall to a value slightly below 
that corresponding to the remanence of the steel. In fig. 20 
a portion of the magnetisation curve of the magnet is shewn; 
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P may be considered as the point referred to, If the 
magneto is removed from the electromagnet the reluctance 
of the machine being greater than the joint reluctance of 
machine and electromagnet, the flux will fall to some lower 
point on the curve , if the rotor is now rotated, it 
being assumed that the machine was magnetised in the position 
of minimum reluctance, there will be a further drop to ií, 
the magnet describing at each revolution a small subsidiary 
loop JAR' , at practically constant flux, where will be a 
final flux drop if the primary and secondary windings are 
short circuited and the machine is run at high speed; the 
machine thereafter will operate on the loop SS; she best 
value for S will be where the corresponding Bli product has 
its maximum, i consider it good practice to make a point 
of short circuiting the armature before beginning to test 
the normal performance; although much higher flux and a 
batter performance (10 to 20 per cent) are obtained if this 
is not done, an instant's short circuit, or a run at high 
speed, retarded, both of which may happen in practice, at 
once reduces the working flux to the lower value, Once 
this drop has taken place the magnet is to all practical 
purposes permanent, i have nearer come across a case where 
there has been a subsequent drop of flux which could be 
attributed to ageing ; commonly spark after 
prolonged running, but this can be accounted for entirely 
by alteration of the contact breaker timing through wear, 
by surface leakage across the high tension insulation, or by 
some other cause, it can be assumed then that the magneto 
operates with substantially constant magnet flax, independ- 
ent of the position of the armature or of its iü.Ti and 
whether the latter consists of forward or back ampere turns, 
In most magnetos the leakage flux, produced by the magnet, 
and not linked with the armature in the position of maximum 
flux, is considerable, varying from 25 to 35 per cent of the 
total active flux, accordin to the type and degree of 
saturation of the circuit, obviously if the leakage flux 
is appreciable when the armature reluctance is a minimum it 
will be greater at all other times, and must be brought into 
account in any attempt to determine the variation of flax 
in the armature, 
In fig, 21 are indicated diagrammatically the principal 
flux paths in the magneto; a rotating magnet machine is 
shewn, but the following analysis will apply equally well to 
a rotating armature machine, the reluctances of the air 
gaps at diagonal tips may be assumed as being practically 
equal to each other; the reluctance of each trailing tip is 
marked iì of each leading tip ïs; in addition there are the 
magnet leakage flux path, the reluctance of which may be 
called :v, and the reluctance of the iron path of the 
armature shoe extensions and the armature core, which may 
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be called J. The distribution of flux as the rotor 
revolves, and these reluctances vary, can best be studied 
by applying Ohm's Law in a magnetic circuit, 
` 
22 is intended to represent the same magnetic circuit 
as shewn in fig, 21, the reluctances being connected so 
that the circuits correspond to the actual flax circuits 
of the machine, .hus starting from the ld pole of the 
magnet the main flux circuit to) is through the reluctance 
, the armature reluctance i;, returning through the right 
hand pole shoe and reluctance #ï. ,:here is a leakage flux, 0 
independent of the reluctances and B, palet of the path of 
which is indicated in fig,/ , and part of which is in a 
plane rising out of the paper, Iwo other equal leakage 
paths, each carrying flux O, , are on the left through 
. and B, and on the right through B and A, The reluctances 
of rotor and stator pole shoes and of joints have been 
neglected, .hen the armature is short -circuited the 
primary 1:1,T,4.F, has to be taken into account, It is 
PAGE 38. DATE 
assumed that angles and time are measured from the maximum 
(armature1flux position; that is, when the armature and 
magnet pole shoes face each other. 
140 Load. 
.he flux paths across B become of importance only 
when the rotor angle is in the neighbourhood of 900; the 
flux can therefore be disregarded for small angles or 
angles near 180 °, and the simplified diagram shewn in 
fig, 22, (b) , adopted. ith constant total flux SIN the M.u.F, of branch paths may be equated, 
hus 
`r _ cß, '` Q52. 
v - 95, f c 0, 
or b 
- ((y 
951° - 24 7C 14 0 
...or larger angles B must be introduced, but as both 
reluctances A. and :r will be comparatively large, and the 
armature flux will be comparatively small, vanishing (at 
no load) at 900, the reluctance C may be neglected 
Thus 4 P2 -t 2 0 3 DA äß' '- 7`3) -f f3 
;5 
3 
P3 = ( , X0 3) 
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oubstituting for e A'-'44 3 
0r Co " 
D/8-M) 
Z Aß -t D(A t.Li) 
the plus sign holds for 0 to 90° and the minus for 90° 
to 1800, 
¡bort Oircuit, 
she armature íuii i 4A-I; Ì, must be added to the 
reluctance -flax products, dus attention being paid to the 
sign, -or small angles as before, 
Y'E- 
f 2 
D r, T, l, -F 
76, st 7' _ `a` r..I'. 7; 
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she meaning of this is that at 90° the position of the 
m agnet being such that it supplies no aa.Tll..a to the 
armature circuit the flux is determined solely by the 
armature ampere turns and the reluctance of the fringes 
of the shoes at four corners, each reluctance being the 
same, and of value ri, the four reluctances being connected 
two in series, two in parallel; the joint reluctance is 
thus also 0.. 
she reluctances n, B, 0, and L, intorduced into the 
foregoing equations can be worked out for a given machine 
and plotted for different positions of the rotor with a 
fair degree of accuracy. B. and B depend on the overlap 
of the pole shoes and, the kradial) air -gap, due allowance 
being made for fringeing; 0 can be reasonably closely 
estimated from the magnetisation curve of TLohysc steel; 
can be found by comparing with a search coil] the 
values of vat and in the position of maximum armature 
flux at open circuit. ,he measureq.ent of the short circuit 
current will be referred to later. 
i.he -park ,lux. 
:hen the contact breaker opens, assuming that the 
primary current falls immediately to zero, the flux will 
immediately change from the short circuit to the open 
circuit value, if the small interval of time during which 
the change takes place is constant and the secondary voltage 
is a simple oscillation of constant frequency, the product 
of flux change and secondary turns is a direct measure of 
the sparking voltage. ,or convenience, the term spark 
flux will be used to denote this difference between short 
circuit and open circuit flux at whatever angle it is 
measured. At the very lowest speed the generation of the 
maximum possible voltage is required in order that the 
spark shall break down the gap; at higher speeds the require- 
ment is different, the maximum utility at constant voltage 
being required, nctually, as .rofessor Jones has shewn, 
there are two oscillations that take place, the frequencies 
of which may vary, affecting boththe secondary voltage and 
the utility; the damping due to eddy currents and the rate 
of decay of the flux may also vary, and there is no means 
of bringing these into account. .in most magnetos, however, 
the coupling of the windings being very close, the widest 
variation of the inductance of the primary windings (owing 
to altering the shape of the magnetic circuit, or the 
number of turns, the only factors considered above,) that 
is likely to be made will probably not cause more than 
slight varia' ions in the resultant secondary voltage, and 
it thus seems reasonable to assume that the spark flux is 
the chief factor in determining the secondary performance, 
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from equations (i) and iii) maybe obtained a value 
for the spark flux for small rotor angles 
S - qßß s - 95/0 rr,1, 
1 í vJ *Y 
p5 1, -2-, X A f 3 -t 2 
2Aß f DLA+ß) 
The same expression for cps as in ivi) can be 
obtained by considering the problem in a slightly different 
way, In the first part of the cycle current is being 
generated in the armature, and, at the instant that the 
contact breaker is about to open, has reached a certsin 
value, depending on the speed at which the rotor is driven 
and the angle of the rotor at the moment under consideration, 
The instantaneous armature M.M.P. may be 
considered as establishing a core flux ;s which is 
dispersed in the network of branch circuits, as shown 
diagrammatically in fig, 23; each flux may be regarded as 
superimposed on the fluxes already exiating and due to the 
magnet M /M /F, As soon as the contacts open-", collapse's 
and open circuit conditions are reestablished, 
p 
No path is indicated through the magnet, which is assumed 
to be a constant flux generator, and thus carries no part 
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of the flux which collapses. To make the expression more 
general C may be introduced 
w 7, z 93s 94, t - 04 
ps z ,.1:71 117,8 7,- LO 
2.A37,Dttft(3)-14C(ht3tIoi 'fl) 
find the expression o2 some service in studifin,, the spark 
characteristic alder the very varied conditIons which 
practical requirements demand, I have not attempted to 
deduce an expression for the amplitude or wave-shape of 
the primary current; this has been done already by one , 
writer, starting from an assumed triangular suape of 12,11,P, 
:save, but I consider that such assumptions limit the useful- 
ness o2 the results vary 7reatly0 I measure the wave shape 
of the primary short circuit current experimentally by 
means of a Joul'ort oontaot maker, and: the amplitude at 
various speeds with a hot wire ammeter; the equivalent 
reluctance I calculate and check by clamping the rotor in a 
number of positions, supplying a suitable direct current to 
the armature, and measuring the flux change on switching off 







10 120 14 16 18 
n 
PAGE 40 DATE 
the armature flag, open circuit voltage and short circuit 
current wave shapes for a rotating magnet machine; the 
equivalent armature permeance of the same machine is plotted 
in fig. 25. 
Aismr1111111ii= 
i i i I IS ill 111111CP 
1111 i. 
At low speed the current is determined almost entirely by the 
resistance of the armature, the reactance not being great 
enough to exert much influence. Thus as the speed rises the 
peak not only rises but moves more and more to the right, the 
current lagging behind the voltage by a greater angle as the 
reactance with higher speed predominates over the resistance. 
oince according to (viii the spark flux is obtained by multi- 
plying the current by the equivalent permeance, the inform- 
ation obtained from these tests is of service in shewing the 
effect and relative importance of the various variables which 
enter in; the curves are also of service in determining the 
best conditions for any required range of timt43. she same 
analysis can of course be made if, as will be discussed 
below, it is desired to fit specially shaped pole tips to 
control the slow speed performance. to shew the connection 
between short circuit current and utility the test shewn in 
fig, 26 was made, It is not necessary in practice that a 
machine should spark except over a very limited range; this 
figure shews how extended the range may be at high speeds. 
on comparing figs 26 with the high speed current curve shewn 
in fig. 24 the relationship between the two is at once 
suggested, 
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Relation of u,p Diameter to i,ength. 
In the design of iu. machinery the relation of gap 
diameter to length is a matter of some importance. For good 
commutation and good cooling the core length should be relat- 
ively short, for cheapness it should be long. Is the ratio 
of any importance in a magneto: .she question can be most 
simply answered by considering the effect on the performance 
of varying the gap length, maintaining the gap diameter and 
the mean length of the magnet constant. 
Imagine two machines, the former of length L, the latter 
of length al,. If both work at the maximum energy of the 
magnet their fluxes will be anda0, provided flux densities 
are the same throughout the circui '6. =attire core areas 
will be a and agi., while lengths of least turns will be with 
square core) e and x; voltages and short circuit currents 
(at low speed) will be , E /R, and a. a 1 E/ she current 
in the latter machine is Ja times that in the former, the 
number of turns and size of wire being assumed as constant, 
,here is thus an advantage in slow speed performance for the 
longer machine; the short circuit ampere turns are higher, and 
consequently the spark flux will be greater than in proportion 
to the increase in length. a long machine will have the same 
leakage flux per unit luth measured axially and relatively 
less end leakage; this is a second slight advantage for the 
long machine, ,,:ill a long machine be demagnetised more 
readily at high speed? .,.he high speed current is determined 
solely by the primary reactance, that is by its inductance, 
which per unit turn is n- times the permeance of the circuit. 
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:she permeance of the two magnetic circuits will be P and a2; 
but the two fluxes are and OLP so that 'the L.ü..Es. are 
proportional to the fluxes and the reactances to the permeances, 
the currents at high speed gill be the same, and both machines 
will be demagnetised equally. 
ï: here is thus, including the consideration of cost, an 
advantage in making (for a fixed gap volume) the length great; 
mechanical design will generally decide the limit. 
open ircuit lest. 
:she open circuit voltage wave of a magneto does not 
change its shape with varying speed as the current wave does; 
the amplitude is therefore directly proportional to the speed 
á:his gives a useful comparative test for the effectiveness of 
the lamination of the magnetic circuit. when tested in this 
manner rotating armature machines shew at high speed an 
appreciable falling off from the straight line owing to the 
increasing effect of eddy currents; this is not noticeable in 
the rotating magnet machine, in which the lamination is much 
more thorough, .his test frequently proves of service to 
detect faults which are not easy to detect in any other way. 
Short ,;ircuit zest. 
:she short circuit test is a very valuable one; as has 
already been explained, the amplitude at any point on the 
wave gives a measure of the spark flux at that instant, and 
gives thus some indication of the available timing range of 
the machine at that speed. .as the speed rises the inductance 
increases, and, the resistance being of course constant, the 
current lags more and more, increasing in amplitude, and at 
the same time changing very considerably in wave shape see 
fig. 24). over a considerable range at high speed, say from 
1,000 .,P.T!T, upwards, the current, as would be expected, 
remains substantially constant. The change in wave shape is 
in one way unfortunate, as on that account each measurement 
of the current by an A.C. instrument requires correction, 
blow upeed Performance. 
she size of magneto which has to be supplied for any 
given engine is determined chiefly by the slow speed perform - 
ance which is required. A large engine cannot be turned by 
hand so fast as a smaller one; consequently the magneto for 
the larger engine must be capable of a sparking at a slower 
speed than is necessary for the smaller engine. when 
running at high speed the smallest magneto is generally large 
enough for the largest engine, in the table shewn in fig. 27 
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the speeds given in the third column are, roughly, the high- 
est speeds at which engines of the cylinder capacity stated 
in the secoici column can be turned by hand. As these speeds 
are also the least speeds at which the ma Enetos types in 
column 1 will spark under 100 lbs. compression, the cylinder 
volumes represent approximately the largest size of engine 
for which each type of magneto can be employed. she minimum 
sparking speed with ignition advanced is, as shewn, generally 
about half that required to spark when retarded. Jere it 
LEAST SPARKING SPEED 
RETARDED ADVANCED 
40 x 40 1.2 200 100 
SI x 52 3.O I30 00 
roo x ro0 roO 75 30 




not for the slow speed requirement the smallest magneto would 
be satisfactory to use with the largest engine, The impulse 
starter, which has been made by a number of firms, is an 
attempt to overcome this trouble by interposing between the 
magneto and its drive a special coupling which produces a 
quick break however low the cranking speed may be. Another 
arrangement which has been used provides movable pole shoes 
which give the advantage of the advanced sparking perform- 
ance at all timing angles. After carefully testing both 
methods I decided to use neither. The drawback of the 
impulse starter is that it is difficult to make so as to run 
for, say, 12 months without attention. yo do this success- 
fully moving parts must be very simple indeed and able either 
to contain their initial lubrication for a year or more or 
do without it altogether. L_ovable pole shoes take up 
additional space where it is most valuable and are difficult 
to laminate thoroughly. I have found it best to provide a 
rather larger machine without either attachment; there is 
little if any extra¡ f,jost in so doing, and the simple machine 
is more reliable. where is still another method of improv- 
ing the slow speed retarded performance - by the use of 
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extended pole shoe tips, if the trailing tips of the stator 
shoes are extended into the interpolar arc, for an angle 
somewhat less than the timing range required, and the reluct- 
ance of the extended portion is made very much greater than 
that of the main portion of the shoe, the result will be that 
the best performance occurs at a much later angle than before. 
she effect may be considered as follows: In the normal 
machine the change of flux bbtween 90 and 95 degrees is very 
rapid; with the help of the extended shoes the same change of 
flux is spread over perhaps 20 degrees. The drawback of 
this arrangement is what might be expected; the high speed 
advanced performance has in reality been converted into to 
superadvanced performance and the utility is considerably 
lowered owing to the lower short circuit current interrupted 
when the contact breaker is too fully advanced, as already 
referred to. This arrangement has, however, the advantage 
of being simple and cheap, and it is of service for special 
requirements. she increased reluctance for the extended 
tips may be obtained in many ways; for instance the tips of 
the laminations may be combed, the length of the tips may be 
made much less than the axial length of the main part of the 
shoes, they may be stepped so as to overhang the rotor, and 
so on ..:he effect appears to be much the same whatever 
plan is adopted, 
a.igh weed Performance. 
In the early days some trouble was experienced owing 
to machines missing at high speed at every alternate opening 
of the contact breaker. Frequently, by connecting through 
a distributor, and short circuiting first one gap and then 
the next in order, the missing could be observed to change 
over from occurring at one break to the other. It was 
found that this trouble vas invariably associated with the 
use of cams providing a comparatively short break and 
consequently a long make. 1 first met this trouble in 
connection with a number of ..merican magnetos which had 
to be adapted for the use of the air hoard to run at a 
higher speed than they were in all probability designed for. 
had an oscillographic test made of one of these machines; 
the result of this test is shewn in fig. 26. apparently 
the break period was so short that after a spark had taken 
place the circuit was closed again long before the secondary 
current had died down; hence the flux change was delayed, 
and initial current was induced in the wrong direction 
during the make period immediately succeeding a spark and by 
the time the next break occurred the current had not risen 
to a value high enough to danse a spark. after a miss, 
however, the current rises in the normal manner to a higher 
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take place alternately. yhe obvious remedy was to increase 
the length of break period by fitting a differently shaped 
cam; when this was done no further trouble occurred. t a 
later date when í had adopted the test already referred to 
for spark utility, l found that providing the longer break 
period was certainly the right step; where short breaks were 
provided even if a machine did not miss the high speed 
utility was frequently dangerously low, and the provision of 
a longer break in all cases effected a great improvement, 
without any other alteration at all being made. apart from 
this trouble i. have experienced very little difficftlty in 
ensuring a satisfactory hi#h speed performance. i.;agnetos run 
at high speed are invariably timed fully advanced; it is thus 
necessary to make sure, as already explained, that in this 
position the opening does not take place too far down the 
wave front; this is almost the only precaution necessary. un- 
like coil ignition, with a magneto it is a matter of small 
importance if the contact breaker flings slightly at high 
speed; the energy is so much in excess of what is required 
that a small reduction is of no moment. utility curves of a 




Earlier Types - Rotating Armature Magnetos. 
At first, during the war, there was little time for 
developing improved models, a large output of magnetos being 
the chief requirement. The firm with which I was connected 
decided to manufacture magnetos on the lines of the Bosch 
machines, and during the first few years four sizes of 
rotating armature machines werede.veloped as well as a sleeve 
inductor machine and also a very7low tension magneto with step - 
up transformer for use with large multi - cylinder stationary gas 
engines. Each of these types was manufactured in a number of 
different forms - the smaller sizes for 1, 2, V -twin and 4- 
cylinder machines, and the larger for 4 and 6- cylinder types. 
The sleeve inductor machines were made for 6, 8, and 9- cylinder 
engines; the gas engine magneto was made for any number of 
cylinders from: to 9. The successful manufacture in large 
quantities of these machines necessitated a considerable amount 
of investigation into the properties of a number of materials 
not usually employed in engineering work; in the following 
I have referred to the problems raised by these special 
materials, to certain constructional difficulties, and to the 
system of testing I have adopted to ensure the thorough 
reliability of the firms output. 
Notes on Special Materials. 
Magnets. During the war the Air Board drew up a specification 
for permanent magnets for magnetos, to which all manufacturers 
worked; the remanence was not to be less than 8,500; the 
coercive force was not to be lessthan 55, nor the product of 
the two less than 530,000. As soon as the war was over, more 
attention could be concentrated on improving performance, and 
it soon became evident that this specification awas not really 
what was wanted. I frequently came across two magnets with 
equal remanence and coereivity, one of which had a much fatter 
loop than the other and consequektly gave better results on 
the magneto. At present, by arrangement with the steelmaker, - 
I order magnets which he guarantees shall have a minimum 
product of (BH) of so much, nothing being stated aboutathe 
value of remanence or coercive force. At present the best 
quality of cobalt steel obtainable has a remanence of 10 to 
11 thousand and a coercive force of 220 -260, the minimum 
product guaranteed being 900,000. Actually I have already 
tested a number of magnetos where the product exceeds 1,100,000; 
with imcreasing skill and experience in the composition of the 
steel and its heat treatment no doubt still better results 
will be obtained. 
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Laminated Sheet Steel. For all parts carrying alternating or 
púlsating flux ]employ 'Lohys Extra' 0.5 m /m. sheet; 'Stalloy' 
might be more suitable on account of its high resistance and 
low eddy current loss, but its brittleness is a great drawback, 
and on that account for many purposes it cannot be conveniently 
used. 
Inductor sleeves. Low carbon steel tube (see specification 
or dynamo yokes) proved quite suitable. 
Malleable cast iron. was employed with rotating armatures to 
TTFE-FE6Mheeks clamping the laminations together, no trouble 
was experienced with this material except occasionally when it 
was too hard owing to insuffigient annealing. 
ored nickel steel drivin spindles. (with 25% nickel) were 
employed on magne os for aeroplanes with the object of obtain- 
ing a stranger drive than if aluminium or other bronze were 
employed. The flange extension of the spindle lies between 
the magnet pole shoes, and it is thus necessary that the 
material should have a very low permeability, of 2, where+ 
substantially uniform up to the limit required (about 50 H) 
was quite common; spindles were rejected if the permeability 
exceeded 5. A simple tractive test proved a very convenient 
way of testing these spindles in large quantities; tested on 
an electromagnet the pull -off force proved a sufficiently 
accurate proportional to the permeability. 
Aluminium bronze spindles. forged from rod now prove to be 
quite.suitable for all types of magnetos. The material 
proved strong enough, and is much cheaper as well as mich 
easier to machine than the nickel steel mentioned above. 
Enamel Insulatbd copper wire. is employed almost universally 
for magnetos, in order to obtain a high space factor. I 
experienced at first much difficulty in obtaining suitable wire 
for the high tension winding - 40 to 44 S.iT.G. The chief 
essential requirement is flexibility of the enamel; in wind- 
ing so small a wire, though every precaution, such as employing 
very small bobbins to wind from (to reduce as far 
as possible the force of acceleration transmitted through the 
wire under tension at winding), and mounting the bobbing on 
ball bearings, is taken, the wire is bound to be stretched; 
with inferior wire this causes the enamel to flakeoff, thus 
risking a short circuit between turns, the ,.robable cause of 
many apparently mysteriously "weak" armatures. A good 
enamel is so flexible that the wire may be stretched until it 
breaks without the enamel showing any sign of scaling. 
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pregdated paper and silk. have been used very largely, and 
have caused very little trouble. If the manufacturers are 
requested, they will readily supply these materials after being 
stoved forshorter time than normal; the material is then in a 
tacky condition which is most suitable for the winder. A con- 
venient reference"for puncture voltage, is to employ as a stan- 
dsrd metal weight with flat base and rounded edges; the material 
to be tested is placed om a flat metal surface and the standard 
weight on top. This ensures a uniform pressure on the material. 
Moulded and Vulcanisêd rubber compounds.- stabilite, and ebonite, 
o®®asioned much trouble in the earl : days of manufacture. In a 
rotating armature machine with distributor the H.T. current path 
from armature to slip ring through two brush holders and an in- 
sulated spindle, to the opposite end of the machine, to the dis- 
tributor brush holder and thence to the distributor, is a trans- 
mission line which has to be insulated to operate at 15,000 volts 
above earth potential. . The space is confined and most of the 
parts rotate. It is p little to be wondered at that in spite of 
all precautions breakdownsoccasionally occur. 1 am thankful 
that in my latest designs it has been possible to sweep nearly all 
these parts away. A common fault was the displacement of the 
metal inserts from their proper position owing to unequal pressure 
While the mould was being packed; his was generally overcome by 
stiffening the insert anchoring its 
in the mould. Another fault was the occurrence of blow holes 
either owing to the material not being perfectly uniform at a 
joint in the mould or owing to the presence of traces of moisture 
before vulcanisation, which being converted intoRsteam formed blow 
holes in the finished moulding. Steel tools are unsuitable for 
machining mouldings; the sulphur appears to attack the tool and 
they do not give a good finish; a diamond is the most suitable 
type of cutter, and gives an excellent finish to the work. One 
great drawback to its nseis that it is generally wrecked if even 
a small steel filing, accidently lodged in the moulding, appears 
in the path of the tool. At one time, as it appeared impossible 
entirely to prevent the presence of an occasional fragment of steel 
in the mould, which in many cases would otherwise be quite harm- 
less, and the number of diamonds destroyed was becoming very ex- 
pensive, I attempted to make a magnetometer to detect the presence 
of steel near the surface of a moulding - i.e. ät' the depth to 
which machining was to be carried. A miniature 
, 
balanced 
on a lever, hung as a galvanometer and used as a reflecting instru- 
ment, proved sufficiently sensitive, detecting readily steel the 
size of a pin's head an inch below the surface; it was then found, 
however, that the stabilite itself, although not apparently con- 
taining any steel, was faintly magnetic, that brass inserts were 
frequently decidedly magnetic, and so on; these so obscured matters 
that the attempt to determine the presence of steel in this way, 
had to be abandoned. With;a. new supplier the trouble did not 
occur to anything like the'ameextent, and it is now an extremely 
rare occurrence. "} 
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Fibre and bakelite contact breaker bushes. In a rotating armature 
machine he eon act breaker will most conveniently rotate also, thus, 
if a lever type breaker is employed a bearing and a bush must be pro- 
vided, which it is almost impossible to arrange to lubricate. Bosch 
employed a fibre bush, which had the great disadvantage that in damp 
weather it swelled, causing the lever to stick and thus putting the 
magneto out of action until the contact breaker lever was removed and 
the bush slightly eased. There appeared to be no way of getting over 
the difficulty; the lever pin could not be left too slack a fitin the 
bush or the contacts would meet badly out of line. Although this seems 
in itself a small thing, it has ,probably been the cause of more trouble 
to the motorist than any other failure connected with his electrical 
equipment. It was no uncommon thing to hear of a motorist having had 
his car towed,a fabulous distance on account of a failure he was unable 
to diagnoseh, which turned out to be nothing more than a swollen con- 
tact lever bush. i'or years I employed fibre, for want of a better 
material; after being unsuccessful with a number of materials I tried 
bakelite- dilecto, which the makers (the Continental fibre go.) des - 
cribej as layers of very thin paper varnished in bakelite, dried, 
pressed, and subjected to heat treatment. This material seemed a 
suitable substitute for fibre, as it absorbs very little moisture: - 
1.5 to 2 per cent I found, compared to 6 to 8 per cent for fibre; it 
also resists abrasive wear rather better, provided the rurbing action 
takes place across the edges of the layers of which the total thick- 
ness is made up, and not so that successive layers are scaled off. 
After prolonged road tests for many months, including trials on a 
number of buses running a mileage of 800 or more per week, this mater- 
ial proved itself, as might he expected, a great improvement; I have 
adopted it up till quite recently. The circumstances are now how- 
ever rather different; on the latest machines the cam revolves and 
the contact breaker lever is stationary; I have accordingly provided 
a lubricated metal bush. On the whole this is probably the most 
satisfactory. 
Contact material. platinum- iridium alloy, with 25 per cent of the 
latter material, gives the very best results. Unfortunately it is 
very expensive. Messrs. Johnson, Matthey & Co. offer another cheap- 
er alloy which I understand contains about 6 per cent of iridium; I 
have not had much success with this alloy, finding that it wears away 
somewhat too rapidly. A carefully designed pivot and a light lever 
which can be operated at high speed with the least possible spring 
pressure will probably help matters; further work remains to be done 
along these lines. Tungsten has been employed to a certain extent 
and is very much cheaper to fit than platinum; as it has a higher 
contact resistance than platinum; I have been very reluctant to fit 
it for magnetos without a rather longer experience of its behaviour. 
Fitted as a standard to automatic dynamo cut -outs, it has fiven no 
trouble at all; this may be because the voltage is rather higher than 
that obtained at hand cranking speed from a magneto. Here also is 
matter for futher investigation. 
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ICULTIES uF COE iRUCTIuN. 
The aiming echani sm, 
in common with other firms we experienced at first very 
great difficulty in ensuring sufficient accuracy in the timing 
arrangements. it is necessary not only that the opening of 
the contacts in the two positions, 180 degrees apart, should 
be within one or two thousandths of an inch of each other, 
but at the same time at each opening the trailing edges of the 
rotor shoes must be in the correct position, that is - the 
fully advanced timing position being understood,- each edge 
must lie within 2 to 3 degrees of the edge of the nearest 
stator shoe, the latter requirement is met without much 
difficulty, bit the former, which depends on the contact 
breaker being truly concentric with the two cams by which it 
is opened, has proved extremely difficult. In fig. 30 is 
v.. ,.... 
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Fig. 30. 
shown the construction of the contact breaker end of a 
magneto built on the lines of the äosch machine; it will be 
seen that the outer ball race is carried in an adjustable 
sleeve A which registers in a bracket B, which in turn carries 
the adjustable timing ring to which the steel cams, D, 
are attached. Any errors in machining the sleeve, the 
bracket, the timing ring, and the cams, twice fir each part, 
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mica' as e11 as thevsurface of the contact breaker are 
liable to add up, producing a considerable eccentricity 
between the cylindrical surface on which the cam faces lie and 
that of the armature, and hence the contact breaker, ühould 
the line Wijoining the centres of these cylinders lie more or 
less in the direction of the line joining the diametrical 
positions of opening of the contacts - which haseto be varied 
through 4 wide angles - the difference in the amount of the 
opening will be doubled. .she total opening of the contacts 
ought not to exceed 12 thousandths of an inch, for successful 
functioning, and the difference between the two openings 
ought certainly not to exceed 2 thousandths; that is the 
difference between the two centres referred to should not 
exceed one thousandth, and this permissible error has to be 
divided between some eight to ten machining operations. This 
is one example of what i have referred to as Berman design 
that is unsuitable for production by .anglish labour, is 
soon as the situation was fully appreciated most anglis.h firms 
took various steps to deal with the difficulty, by eliminating 
the adjustable sleeve and taking up end play instead by intro- 
ducing washers of suitable thickness, by forming the cams ina 
continuous ring instead of in separate segments, and so on, 
in the latest type of machine described below, with a station- 
ary contact breaker and rotating cam, this trouble is practic- 
ally nbn- existent, as' provided the cam itself is true the two 
succes:>ive openings must be equal to each other, 
JNoiseless 6-ears. 
Owing to the impulsive nature of the magneto drive, a 
geared machine with metal gear wheels is apt to make an 
appreciable sound even at lowspeeds, and at high speed this 
becomes very decided. :she contact breaker also cannot but 
made an appreciable addition to the volume of sound, and so to 
a certain extent do the ball bearings, ingine makers are now 
making cars run so quietly that they have complained that the 
magneto is the noisiest thing on the engine, d. mast confess 
that i certainly have heard engines in which the unmistakeable 
tinkle of the magneto gear was more noticeable than any other 
sound. After very considerable experiment i came to the 
conclusion that it was commercially impossible to make solid 
gear wheels as quiet as was required, _:he laminated gear 
wheel described in ratent ,application tio. 29290/1921 (a copy 
of which is submitted herewith) appears to get over this 
difficulty; it is very cheaply made, and after prolonged 
testing i find that it wears very well, 
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ESTiii s. 
Nests prior to main assembly. 
in order to keep down the cost of manufacture it is 
desirable that all elaborate parts shall be tested prior to 
final assembly, as any failure thereafter involves 
(a) location of the fault, 
tbi dismantling, reassembly, and re -test. 
;c) delay, disorganisation, and incidental 
troubles, such as scrapping of spoiled parts, 
rivetted parts which have to be taken apart, 
and so on 
armature pests. 
(a) desistance tests are made on and A.T. windings, 
eliminating possibility of bad soldering in the former and of 
breaks in the latter. 
(b) üigh voltage tests (at 15,000 peak voltage) are made with 
direct current, mechanically interrupted in the J.T. circuit. 
the voltage (length of 3 -point spark gap1 generated for a 
given ,T, current in a known type of armature provides a 
fairly reliable test for leakage and insulation resistance 
of the il, T. winding. 
(c) Test kb) above gives no means of discriminating between 
two common classes of failures 
(i) a secondary winding of which a few turns or 
layers were short circuited, the result being 
the formation of an independent short- circuited 
secondary, reducing the energy available in the 
external circuit, 
(iii surface leakage across the insulation to 
earth, 
she former necessitates a complete rewind; the latter may be 
cured by recovering and varnishing the finished winding. I 
thought that if the armature was tested in a closed magnetic 
circuit, strictly as an A.C. transformer, the increased 
carrent taken by the primary in the former case would enable 
discrimination to be made, and that such a test would be a 
more searching one than kb). 
To be of use an open circuit voltage of 15,000 peak 
11,000 R,, secondary volts is required; with 10,000 
secondary and 170 primary turns - these values are represent- 
ative for a number of armature types - this means that an 
voltage of 185 must be applied to the primary winding. 
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unfortunately this voltage is not readily impressed on an 
armature as a transformer; at 50 cycles an E.M.F. of about 
9 volts, only, is sufficient to establish normal flux. 
The density in the armature core is general.y as high as can 
be permitted, 15,000 to 18,000 lines per ere, thus the only 
way to raise the impressed primary voltage is to increase 
the frequency, To obtain 185 primary volts with the above 
assumptions the frequency must be increased to 1,000 cycles, 
n high frequency alternator. 
At the time that the want of this was first felt (1917) 
the only quick way of obtaining such a thing as a high 
frequency alternator was to make it oneself, k year or more 
previously when an alternator was w nted for some special 
tests one of my assistants had pointed out that a certain 
two phase induction mptor might be wound and used as a single 
phase generator in spite of an apparently unsuitable number 
of slots; I noted that this gave a means of securing the 
advantage of a distributed winding with only a single slot 
per pole, made no use of this at the time, but when faced 
with the problem of magneto testing I went into the matter 
more thoroughly, and decided to make up a machine. I 
obtained the frame of a squirrel cage induction motor having 
36 stator slots and a prime number of rotor slots. The 
former I wound as a 36 pole magnet, and the latter as a single 
phase armature having one slot per pole and a pitch. slightly 
less than diametrical; appropriate gaps and reversals were 
made in the armature winding to permit the voltages of all 
the sections to add up correctly, 
o see the wave shape oscillographic records were maQe 
of this alternator; these shewed that in spite of the pole 
consisting of simply one stator tooth, the winding employed 
gave a. good sine wave shape under all conditions except with 
a pure capacity load, when a third harmonic was strongly 
shewn up. 1 considered the result sufficiently encouraging 
to apply for a patent to protect the winding; this was 
granted in due course, and a copy of the specification (No. 
i3é,vt ) is submitted herewith; the theory of the wind- 
ing is dealt with therein, The limit of frequency for which 
this method of generation is suitable is determined ehiefly 
by driving speed. .nor example, a 15" diameter magnet rotor 
having a 4 -m /m. slot pitch and running at 4,000 ic.P.i,; would 
generate at 3,200 cycles. Iron losses at so high a 
frequency would no doubt be very great; i have not yet made 
any attempt to measure them at 1,000 cycles, as the alternator 
used for testing does not get unduly hot, and a large amount 
of power is not required. she machine appears to me to be a 
very useful one for testing all coils where the over voltage 
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required can be impressed only by increasing the frequency, 
Magneto armatures tested with this alternator give 
greatly inc eased energy at the spark gap, test for 
short -circuited secondary turns the secondary winding is 
left open circuited and the magnetising current noted, the 
armature being clamped into a split yoke which provides a 
complete magnetic circuit with practically no air gap, .,ven 
a turn or two short circuited generally spews a substantial 
increase in magnetising carrent, whilst a more thorough short 
circuit generates enough heat to set fire to the winding in 
about half a minute, .phis sounds rather an expensive display, 
but it must be remembered that before high voltage tests are 
made the armature must be impregnated and the varnish hiked 
dry and hard, After this, owing to the frailty of the i,l, 
wire, it is impossible to effect any repair other than recover- 
ing the outside of the winding, and a winding with an internal 
short circuit has to be scrapped, the core stripped and rewound 
from the beginning, 
Condensers are tested for capacity and a flash test is also 
made at high voltage, nor capacity testing 1 employ the 




B is a buzzer operated by a dry cell the armature of which carries 
two spring blades Pl and 22. When the armature is attracted the 
left -hand blade makes contact, chargi4g the condenser under test, 
C, from the supply mains, S. When the buzzer contact is broken 
and the armature flies back, the right blade makes contact with 
P2, and discharges the condenser through the moving coil instru- 
ment A. A short- circuited condenser makes the lamp L glow; re- 
sistances R1 and R2 prevent any short circuits from occurring if 
the contacts are badly adjusted. I do not know to who the two 
way trbler is due; I heard of it accidently without being able 
to trace who originated it. The D.C. instrument is calibrated 
by observing the deflections with a number of condensers of 
known capacity. The instrument gives a direct reading, the 
tremblers require very little adjustment, and the accuracy is 
more than is necessary for commercial work. I have found it a 
much better arrangement for shop use than by using a bridge, with 
telephone receiver, or any other arrangement. 
Assuming that the maximum secondary toltage is715,000. and D 
that primary and secondary turns are 170 and 10,000 respectively, 
the peak voltage in the primary circuit would be about 260 volts. 
To avoid any doubt and to ensure an adequate factor of safety 
I flash test condensers at 500 volts A.C. Practically no cases 
have arisen of condensers that have passed this test and broken 
down at a later date. 
High Tension Moulded Parts. These are tested at an A.C. peak 
vol age 00,000; the parts in all cases are fitted up for test 
so that a metal member is disposed in the same manner as the 
corresponding earthed portion of the magneto when the pert is 
assembled on it. 
Tests of Complete Magnetos. A very thorough test specification 
was drawn up many years ago by the Air Board. I have used 
this as a basis, and, with the exception of one or two minor 
alterations and additions, work to it at present. The tests 
are carried out in the order shown below. 
1. Machines are to be run at high speed for 5 minutes 
with both windings earthed. 
2. Machines connected up to spark through their 
distributors to 5.5 m /m. three -point gaps are to be 
run at a stated high speed (depending on the type) 
for 4 hours with timing fully advanced. 
3. During this test the operation of the safety gap 
and the earthing device are to be tested to make sure 
they are operating correctly. 
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4. At the conclusion of the endurance run (2) 
and before allowing the machine to cool, the 
low speed sparking performance, both advanced 
and retarded, is to be noted. 
5. ,achines are then to be taken down - i.e. 
distributors, dust -covers, timing rings are to 
be removed and examined for wear. 
Definite specifications for each type of magneto are 
laid down for minimum sparking speeds, speed of endurance run, 
and so on,#the machines are rejected which do not fulfil the 
prescribed conditions, 
she üeve .c Bent of a New Hype of l,iagneto. 
The introduction of permanent magnets made of cobalt 
steel has made it necessary entirely to redesign the magneto 
from first principles if the full advantage of the properties 
of the new steel is to be gained. During the last two years, 
due, no doubt,io their increasing knowledge of the most 
desirable proportions of alloys and the most suitable heat 
treatment, the steel makers have been supplying cobalt steel 
magnets with continuously improved constants. Fig, 32 shews 
a portion of the hysteresis loop of magnet steel of various 
kinds and also the product of .B and reverse H plotted as a 
function of H. From this it will be noted that the maximum 
.BH product obtainable from a good tungsten steel magnet, 
curve ., is about 260,000. The maximum product obtainable 
from cobalt steel has been steadily increasing the curve B 
having its maximum at 700,000 represents the best results of 
about 12 months ago, whilst to -day the steelmakers are 
prepared to guarantee a maximum product of 900,000, curve 
I have already received and tested magnets which shewn even 
better results; the curve (D) plotted with a maximumof 
1,160,000 is by no means an isolated example. has a magneto 
can be built with a cobalt steel magnet of about a quarter to 
a third of the magnet velutsterequired to give the same perform- 
arm) as when a tungsten magnet is employed. 
In the table shown in fig, 33 the dimensions of magnets 
of a number of types of magnetos are shewn. :Jae tungsten 
steel magnets were used on rotating armature machines, the 
cobalt steel magnets on the rotating magnet type described 
below. If the figures of merit of all the machines were the 
same the figures in the last column would be a measure of the 
output of each type. : ypes LILL and üE had cast iron magnet 
pole shoes; type 
. had laminated magnet pole shoes and gave 
consequently an improved performance, rather better than type 
ZE, in spite of the larger magnet energy of the latter, Type 










































































































standardised by the i;ritish Engineering 
and as this is a most useful 4- cylinder 
of from 10 to 25-12.2., it was decided to 


















model suitable for cars 




.see tablej is the type finally decided on, and described below 
ns the remanence, and the flux density at which the(Bil),t,,, 
product occurs are very mach the same whether tungsten or 
cobalt steel magnets are employed, no great change in the cross - 
sectional area of the magnet need be made, the chief difference 
is that the cobalt steel magnet need2be only about one quarter 
to one third the length of the tungsten steel magnet it replaces. 
having settled approximately the magnet dimensions, the question 
arises as to what construction should be adopted to take the 
utmost advantage of the shorter magnet. ,:here are many draw- 
backs in .eremt in the rotating armature machine. anyone 
familiar with the extent to which the lamination of the flux 
alternating parts is carried in, say, an induction motor, 
the imperfections of the magneto armature will appear very 
striking. On either side of the laminations heavy solid 
cheeks have to be employed of area at the gap diameter about 
twice as great as the laminated portion between them. In 
addition, the laminated area is still further reduced by 
rivets through the whole structt.re uther drawbacks have 
already been referred to - the routing cmntact breaker, with 
* Report 14o. 80 - 1917. 
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the consequent moving parts which cannot be lubricated, and 
ti.,e multiplicity of high tension moulded parts. / a rotating 
winding generating 15,000 volts would hardly be'a practicable 
proposition by any other than a magneto designer. ahortening 
the magnet suggests no means of overcoming these disadvantages; 
although a more compact machine can be made with a consequent 
reduction in cost the leading features of the machine will 
remain the same. If the machine were made with fixed armature 
and magnet and revolving inductors, most of the foregoing 
objections would be overcome, but the inductor magneto has the 
disadvantages that four air gaps are introduced into the circuit 
instead of two, the inductors are not easily laminated (though 
this may be overcome), and extra material being interposed 
between armature and magnets results in increased weight, 
expense, leakage flux, as well as increased magnetic reluctance 
owing to the lengthened flux path. 
.she chief difficulty of the next alternative - a rotating 
magnet machine - is the construction of the magnet. .:he ,,wiss 
firm, ücintilla, manufacture a rotating magnet machine in which 
proctically the whole rotor, including the d ±iving spindle, 
appears to be formed from a bar of magnet steel which has been 
machined into the shape of a horse -shoe, a portion at each end: 
of greatly reduced cross -section, carrying a laminated shoe, 
the gap diameter being less than the diameter of magnet, and 
the greater part of the magnet being outside the cylindrical 
space enclosed by the armature shoes. .he cost of a machine 
of this type made in this country udder the present labour 
donditions would not be competitive, however. This is the 
more unfortunate, as a rotating magnet machine has many 
advantages not possessed by other types; the windings are 
stationary, and insulation Iran be made more reliable; it whould 
be possible to make the rotor more robust, and to laminate the 
stator more thoroughly. as already referred to, many of the a. moulded parts may be omitted, and the contact breaker 
made less intricate. these advantages are shared with the 
inductor type of machine; a further advantage, which a rotating 
magnet machine alone has, is the simplification of the magnetic 
circuit and the reduction of its reluctance. 
a clime to the conclusion that the rotating magnet type 
was the best, provided a convenient and cheap form of rotor 
could be devised; what appears to be a very satisfactory 
solution to the problem is described in iatentApplications 
Nos. /4777/ and 2S c, k2- , 02 , copies of which are submitted 
herewith. she form of rotor I am at present employing is 
shown in fig. 34. A solid bar magnet is used and laminated 
shoes; in another view ¡fig. 35) the intermediate nonmagnetic 
members which serve to hold the structure together and limit 
the movement of the magnet are shown, as also the bronze 
flanged spindles carrying the bearings at each end. .phis 
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that i know of, namely, that the whole of the gap faces are 
practically equally active in transmitting flux to the 
armature, while the reluctance of the air gap is necessarily 
the minimum possible for the size of magnet adopted, as the 
pole face area enclosed the whole of the magnet, and not 
merely a portion of its The collection of flux from the 
relatively large area of the rotor face and the transmission 
of it without undue reluctance or eddy current loss to the 
armature presents a fresh problem which I have dealt with, 
as indicated in rat ent Application iio 1/77 S, / i 2 A . The 
fan -shaped construction there described meets both require- 
ments and is very easy to make up commercially. find in 
designing a magnetic circuit in a machine such as a magneto, 
where an alternating flux has sometimes to pursue a tortuous 
path involving sudden changes of direction, one is apt to 
provide sufficient area, and laminate the structure, 
forgetting that any flux passing at right angles to the 
plane of the lamination will set up eddy currents exactly 
as in solid material, and that it is therefore necessary to 
make such arrangements that flux is not induced to cross 
the planes Of lamination more often than is absolutely 
necessary. Judged from this standpoint the rotating 
armature machine is gravely defective. If the flux is 
spread out over the whole magnet shoe and ismade to traverse 
the armature cheeks the path of a large proportion of the 
flux makes a large angle with the direction of the lamination, 
while if the cheeks are turned down below the level of the 
laminations in order to improve matters by concentrating the 
flux in the middle of the armature the air gap ïvï.iF. is 
increased two or three times. 
One would consequently expect that a machine made as 
just described would give a figure of merit decidedly higher 
than could be obtained from a rotating armature machine of 
similar design. This has proved to be the case. In fig. 
38 the fzcures of merit of a number of machines of different 
types are tabulated. 
One nr two further features of the machine shewn in 
figs. 33 to 36 may be referred to ,:he path of the H.T. 
current is very short; the leading out wire, .G, which is an 
ample distance from any earthed part, passes into an ebonite 
tube B, making contact with a metal insert carrying a small 
brush which is pressed against the distributor segment O 
shewn in section. These parts are of course stationary; 
the distribution to the plug circuits takes place through the 
brush D to the rotating piece E and across a spark gap to 
the distributor terminal. she condenser, fixed by the side 
of the armature, is shewn at G-; the primary circuit connect- 
ions are from the coil through an insulated flexible lead 
to an insulated laminated copper brush reinforced by a steel 
spring; this brush, as the timing lever is operated rubs 
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across an insulated brass block fixed immediately behind the 
fixed contact IC; the circuit is completed through the moving 
contact and through the control spring to the frame of the 
machine to which the other end of the primary winding is 




































I and J; the small one is made of laminated brass and 
leatheroid, as described in latent pplication Tiro, 2ÿO 'Y.;j s,,, , a J 
the larger wheel it of gunmetal. ., or the convenience of 
the assembler, the machine is put together before being 
magnetised.; the machine is then placed on an electromagnet, 
pole pieces are placed on either side connecting the shoes 
of the electromagnet with the stator shoes, the body casting 
being panAelled so as to expose the edges of the stator 
laminations for this purpose, as shewn at L , fig, 33, and 
with the rotor in the maximum flux position, an ,M,F, which 
applies about 3,000 ti to the magnet is switched on from the 
electromagnet. about 400 h used to be sufficient for a 
tungsten steel magnet, but apparently a cobalt steel magnet 
is not very highly saturdted even at 1,000 H, so that in 
order to be fairly certain that nothing is lost on account 
of insufficient magnetising force it is desirable to go to 
still higher M,M,Fs. .;she armature with its core is put 
on afterwards (so as not to present a short path to the 
electromagnet) but before withdrawing the machine from the 
electromagnet after switching off, 
.i. feared at one time that owing to the shape of magnet 
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adopted the leakage flux might be excessive. This is not 
so, however, .he ratio of total to useful flux is about 
1.3, which is the same as for other types of machines. 
As will be seen from fig. 38, the functioning of the 
rotating magnet machine is a considerable advance on that 
of the earlier types they displace, especially in slow 
speed sparking. Hype xtG, for instance, which is intended 
to supersede and be interchangeable as regards fixing 
dimensions with either types Zu, G, or Z.U., sparks at a 
lower speed than the largest of these machines, type Zti. 
the weight of the complete G 4- cylinder machine is 74 lbs, 
while the ZA4 weighs (9- lbs. and the ZU4 154 lbs. 
The works cost of the new type of machine has not 
been referred to, but it will readily be understood that 
the construction described lends itself to much simplification 
of mechanical design, resulting in greatly reduced cost both 
of labour and of material. 
{ 
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The most usual way of starting a motor car engine by 
means of an electric motor is through a reduction gear of 
about 10 to 1, consisting of a gear ring attached to the 
engine flywheel which id driven by a pinion on the motor 
shaft. i,o far 1 have designed a series of five different 
motors, which are used with engines varying from about 7 to 
30 ii,P. ..here are all similar machines, differing only in 
size; thus most of the following remarks apply equally to 
all. s the motors are simply low voltage series wound 
;ü.ù, machines, 1 shall refer below only to those special 
features which have to be introduced and which are not 
common to other classes of motors. 
,tarting 'ìorque. 
he torque required to overcome the resistance of the 
engine at starting depends partly on its compression and 
partly on friction. rrhen the starting motor has run the 
engine up to a steady speed ¡which may be assumed to be 100 
for a moderate sized engine or 150 ,.,,r.l,1. for a small 
engine', the compressions moreor less balance one another 
and only the friction remains. It is important that the 
starter should give a sufficient torque under both circum- 
stances; otherwise the starter will never overcome the first 
compression, or, if the starting torque is sufficient but 
the running torque is not, a sufficient speed will not be 
attained to cause the magneto to spark, or the carburation 
may be insufficient; in either case the engine will not fire. 
1,.t the instant of starting the friction is usually 
very much greater than after the engine has made two or 
three revolutions, thus a liberal allowance must be made on 
this account, and the torque necessary to overcome the 
compression added to it i have found by experiment a rough 
relationship between cylinder volume and starting torque 
required; owing to the enormous variations in friction with 
engine temperature, thickness of oil, stiffness of bearings, 
and so on, it is impossible to prescribe within close limits 
the necessary output of the motor, and a liberal marlin of 
torque must be provided. give an example of the effect 
of temperature - found on testing a certain engine that at 
an atmospheric temperature of minus 90 the torque required 
to turn the engine at 100 n, Purl, was twice as much as in ex 
garage the temperature of which was l80., which in turn was 
twice as much as was necessary when the engine was hot. o 
be of real service the starting motor must be able to turn 
the engine under the worst conditions of temperature, 
stiffness, or lubrication, as it is only under these 
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conditions that it becomes almost a necessity; when the 
engine is warm there is no difficulty in starting by hand 
and the starter is then little more than a luxury. 
.Design of x,.rmature and ,indin.`;s. 
varying with the amount of the compression, the locked 
torque rewired may amount to from two to four times the 
running torque. some makers employ a two stage switch for 
starting; the majority connect the motor direct to the 
battery through a heavy, low resistance single -pole switch; 
1 have adopted the latter method. t the moment of switch- 
ing on the eurre.it is determined chiefly by the resistance 
of the motor. The terminal voltage of a six -cell battery, 
owing to the high discharge rate, may drop from 12 to 10 
volts; the drop in cables, terminals, and switch may amount 
to 2 volts; the remaining 8 volts are applied to the motor, 
field, brushes, and armature winding. If it is assumed that 
a constant voltage is applied to the armature winding and that 
the copper volume is constant, the torque will vary inversely 
with the number of conductors. is soon as the armature begins 
to rotate a counter E.TQ.i. begins to be generated and the 
torque may be roughly represented by the expression 
- 
E being the applied voltage, the number of conductors on 
the armature, and a and b constants. constant flux, the 
circuit being highly saturated both standing and running, is 
assumed, aith this expression the torque is again greater 
the_ fewer the conductors are. in practice there is no 
opportunity to reduce the number of conductors to such an 
extent that either of the above statements needsmuch qualifi- 
cation, as the designer is quickly limited by two consider- 
ations: the current drawn from the battery, and the number of 
commutator parts of the motor armature. ..hree hundred to 
five hundred amperes civ. all that can with safety be drawn from 
the batteries usually employed, the capacities of which as a 
rule do not much exceed 75 ampere -hours at a 20 hour discharge 
rate. she currents named are of course very high, but under 
normal circumstances the discharge takes place only for a 
second or two , while the plates and separaters are of 
specially heavy construction. J:xs regards the number of 
commutator parts, it is usual to employ 4 -pole motors in 
order to reduce the weight of yoke, and even with voltages as 
low as 6 or 12 - the two voltages most widely adopted - good 
commutation cannot be secured with fewer than about 21 
commutator segments. 
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It will readily be understood then that the following 
are the most important considerations in the design of these 
essentially special purpose motors, 
1, a-ood space factor in armature and field 
coil windings, to ensure maximum copper volume 
and lowest resistance, 
2, Jxtra low resistance brushes, 
3, aesistance of joints and connections mast 
be carefully considered, 
4, all magnetic material must be of the highest 
permeability obtainable, 
1, .mare strip is employed for winding both armature 
and field coil. :_he top and bottom bars of the armature 
slot,(two bars per slot are usually required), are insulated 
from each other by leatheroid troughs, the coil ends being 
protected by half -lap tape on every other coil section. 
.she fAqa coils are wound of bare strip with 0,2 m /m, 
leatheroid between successive turns, 
2, I find that copper graphite brushes, with about 
95 per cent of copper, are very suitable, a very heavy 
pressure is needed, from 10 to 12 lbs, per square inch, 
owing to the extremely short time the motor is running 
there is no objection to so heavy a pressure on the score 
of wear, have found that very high current densities 
may be employed, as high as 1,000 to 1,500 amperes per 
square inch when locked and half these figures when running, 
without causing any blackening of either commutator or 
brushes, 
3, Low resistance of joints and connections in a six - 
volt circuit carrying 300 amperes or more is of course vital, 
all soldered joints are tested with heavy current and milli - 
voltmeter in their individual parts before assembly, auit- 
ably heavy cable is carefully prescribed. The starting 
switch is referred to later, .she internal connections 
of the motor are as shewn in fig, 39, une terminal of the 
battery ithe positive) is connected to earth, by means of a 
cable bolted to the chassis, zwo opposite field coils are 
also earthed by means of screws clamping the copper strip 
against the yoke, une end of each coil forms a binding 
post to which the flexible brush leads are attached, the 
two remaining field coil leads being joined together to 
form the sole terminal of the machine, he field coils 
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are thus connected two in:.series two in parallel with the 
armature placed between each pair, J.here are no sweated 
connections between adjacent field coils, and no intermediate 
connectors of any kind. phis arrangement has the advantage 
that the machine is very easy to assemble, and the resistance 
of joints cannot well be any further reduced, 
4, us regards magnetic material, '1,ohys' sheet steel 
is employed for armature and pole stampings, prom time to 
time í have had considerable difficulty in obtaining suit- 
able steel for yokes, she most convenient material to use 
is rolled steel tubs., as engine makers generally prefer to 
fit a cylindrical machine, clamping it in a cradle, ,.,ome 
steelmakers apparently have great difficulty in supplying 
a mild steel in which the amount of carbon does not 
appreciably exceed o.1 per cent, i,lany tests have confirmed 
that this percentage means excellent permeability, and that 
double this amount means relatively much inferior steel, 
she following figures, taken from recent tests, illustrate 
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am glad to say that as a result of having come to an 
understanding with the suppliers on this point tubes supplied 
recently are much more uniformly good, and little difficulty 
is occasioned by accepting material only in accordance with 
the following specification: - 
ùpecification for high Permeability Rolled 
Steel in pubes for starter yokes. 
B,63. 
she steel shall be low carbon steel, not exceeding ,1 
per cent carbon, and is to be annealed so as to render it as 
magnetically soft as possible before delivery. 
agnetic Proptrties, 
:she steel shall be tested for magnetic properties in 
the form of a closed ring with a maximum magnetising force 
of 100 C. ü. , units. under these conditions the flux in 
the ring, as measured by reversal of the magnetising force, 
shall be as follows:- 
Llagnetising Force Kilolines per cm2, 
.ìi. B. 
100 , i of less than 
16. 5 
50 Not less than 
15.6 
l,emanence to be not less than 7, coercive force to be 
not greater than 3. 
notes on ,aechanical construction, 
Brush Gear. The assembled brush gear is shewn in fig. 40. 
she boxes are formed of strip brass, punched to shape, bent, 
and secured in position by tangs pushed through a Wrelite 
disc and folded flat against the back of the disc (see also 
fig.¡ .,he boxes formed in this manner are very rigid, 
take up very little space, and the insulation is good and 
robust. The terminal is shewn in fig. 41 as well as in 
fig. 40; the ends of the field coils, makked X, are rivetted 
into a slightly cupped brass disc which is insulated from 
the housing by a moulded part f. :be strands of which the 
cable is composed are folded back to a short distance; the 
insulation of the gable is gripped in a socket and the whole 
is drawn down by a clamp plate and two screws into contact 




CAeLE i47,25 5W .G. 
ES% DIA OF CONDUCTOR 
20 I4MiM DI A OVER ARMOURI N 
Fig. 40. 
order to keep down the weight and cost of the brush 
gear it is undesirable to make any provision for rocking the 
brushes and whatever displacement of the brushes from the 
neutral axis is necessary must accordingly be allowed for in 
winding. J,s the service of the motor is such that it only 
runs for a few seconds at a time followed by long periods 
of rest there is little value in testing commutation by 
long runs. instead connect the motor through an 




swItdh, uhich starts thc motor, say, 
ouo evnry ;ea 3e3onds. this means the effect on the 
(o=1.1.tatcr azza brush gear of the carrent rush at starting 
ctatIlly takes place under working conditions is 
Laitatcd; 2in1 that mac:1111=1s aretin good condition 
after 20,(r0 oach starts 'give no trou6le in practice , 
t*o!:,!.3h an ansaitable brasi:1 position, excessive armature re- 
action, and oc on, is shean up. 
40, 
7 
The fitartin7 67itch. 
At fist i tri ea to use a modified form of knife 
' blade swito. with rubbing contacts; as shewA at A, fig,42, 
411.1.hign. 
This ty7.)e CAI not prove very saccessfal; the blades were 
jacliado to barn m,Iduly at the points between vihLch the 
aro crt brokiiT took place, and especially at the tips of 
the statienary blades . fatoring the latter as shown at B 
maC,e, a conalderablo tap:rove:flu:at, bat after a certain amount 
of experimenting :,: can to the conclusion that with the very 
heavy cqrreut which t 1'r switch had to att-c-Id, up to 500 
amperes, a switch of which the contacts consisted of massive 
flat 'plates mcdo to form a butt lontaat on their Zauos would 
be mot oaituble, the wesence of a mass of metal ln the 
neighboariloo0 any contact point iJeing tin 'very effective 
in preventing excessive looal heating, Aswitch which has 
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been developed on these lines is described in ratent Applicatix 
No.27110/1921. sl.fter prolonged use tie the surface 
of the contacts becomes slightly pitted, but this does not 
interfere in any way with its successful operation, as 
ample amount of material is left for wear, the moving contact 
is able to tilt sufficiently to bridge both sockets in the 
event of thewear being uneven, and in practice it is found 
that the contact voltage drop is very low. 
iLECTRIO i,IGFITIrIG IäPPARATUS FOR i;iOTOR CARS. 
iynamos. 
she general practice is to design and drive the dynamo 
so that it generates a voltage equal to that of the battery 
at about 8 to 10 miles per hour on top gear. if the car can 
be driven at 60 miles per hour there is consequently a range 
of speec variation of 6 to 1 or more over whichthe voltage 
of the dynamo must be controlled so as to charge the battery 
at a reasonable rate. 
vn commencing to manufacture this form of apparatus I 
spent some time in considering what was the best system of 
voltage regulation to adopt, and drew up a report on the 
relative merits of control by armature reaction and by 
constant voltage regulators. .tracts from this report are 
quoted below : - 
Report on Existing Starting and lighting systems. 
During the past few months a number of tests on starting 
and lighting squipments have been carried out. The object 
of these tests, and of similar ones now being made on machines 
of various types, is to obtain such technical information as 
will be of assistance in estimating the relative advantages 
and drawbacks of various types of control, etc., an in 
bringing out new designs of our own. 
A report of the tests made is attached. As many of 
these have to do with details of design, the information 
gained is summarised, and a discussion regarding certain 
aspects of starting and lighting systems in general is 
added, in explanation of the criticism made of one particular 
system of dyhamo voltage regulation. 
The points dealt with are arranged in the following 
order: - 
Dependence of starter on charging system. 
Conditions ensuring long life of battery. 
_Lerit of charging system to be judged by 
degree of fulfilment of these conditions. 
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All existing systems divided into two main 
classes. 
Characteristics of the two classes. 
Dependence of ;:;tarter on Charging üystem - Life of _battery. 
The dynamo and the method by which it is controlled call 
for much greater care in design than the starting motor, the 
reason for this is as follows:- 
Leaving the nature of the drive, etc., out of account 
for the moment, a starting motor - of whatever make - is a 
comparatively simple machine of well established design; but 
it depends entirely for its successful operation on the 






condition of the battery depends chiefly on its 
its charge 
at a proper rate, and 
for a certain length of time, neither less 
more. 
she best values for both the rate and the duration of the 
charge vary from time to time within wide limits according to 
the previous history of the battery. 
she success of a charging system may be judged by the 
extent to which it fulfils these two requirements, and fulfils 
them automatically. phis constitutes the designers problem, 
and is one of considerable difficulty. 
Conditions Ensuraing .bong bife of Battery. 
It is commonly stated that automatic control is not 
required, and that it is only necessary to continue charging 
until the normal voltage, say 12, has risen to 15 or 16, when 
the dynamo may be switched off. un the other hand, it has been 
urged for years by battery experts that voltage readings alone 
are almost worthless, and that charging is completed only when 
gassing takes place freely and regularly, and the specific 
gravity has ceased to rise. 
It is, however, a laborious matter, even for an expert, 
to pay the regulat attention to a battery that such an examination 
would entail, and it is an impossible task for one who is not 
an expert. 
The most usual consequences of charging according to 
the former plan is that thebattery will be steadily overcharged, 
and that troubles wil develop one after another - slowly, but 
surely. The electrolyte is gradually boiled away and the 
plates uncovered. If they are not $topped up at once the 
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exposed parts sulphate and degenrrate, the battery losing 
capacity rapidly. Persistent overcharging weakens the 
plates mechanically, and they also suffer from the accompany- 
ing concentration of acid.. 
All the above occurrences lead to loss of capacity, and 
in the end to the refusal of the starter to pperate. I have 
known Many cases of batteries receiving spasmodic attention 
only, which have been ruined in a year to eighteen months, 
when with reasonable treatment they might quite well have 
lasted four or five years. 
Thus it seems probable that a large percentage of the 
failures attributed to the battery is rather due to the 
inability of the lighting system automatically to control the 
rate and duration of the charge given to the battery. 
ontrol ,ystems Divided. into Two Classes. 
.roadly speaking, all systems of control in use at 
present may be divided into two classes. lhmse in the first 
class possess what may be termed a '`current limiting" 
characteristic. ay this is meant that any rise of current, 
due to whatever cause, e.g., increase in speed - increases 
the effect of some factor - different in different systems - 
which tends to prevent further increase in current. 
chose in the second class maintain an almost constant 
voltage under all conditions of running, the small variation 
which takes place between extremes of speed being sufficient 
to operate some device for controlling the shunt current 
within the limits to which the voltage variations correspond. 
The charging current is only under indirect control through 
the voltage. 
Characteristics of the 'awo )lasses. 
The greatest advantages of the former system are its 
simplicity, reliability in operation with a minimum of 
attention, and its cheapness. 
Its drawbacks are all ultimately due to one cause, 
namely, that the battery has to receive a current which is 
determined not only by its own needs, but by the speed of 
the car. 
J:he latter system is of more intricate construction, 
and if it is not very carefully designed it is liable to 
require a certain amount of attention, if this difficulty 
is successfully overcome, however, there are a number of 
advantages which may be gained by using the latter system 
which cannot be obtained with the former, ÿo enumerate 
the chief of these:- 
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(1) If the battery is nearly discharged energy is returned 
to it much more quickly by the "constant voltage" system (B) 
than by the "current limiting" system (A). .gin the following 
diagrams the two systems are compared with each other and with 
an ideal system tC):- 
,AGE 80, 
Tt is seen that, with lamps on, sYr tem íA) does not charge 
the battery at all, the small amount of charging obtained at high 
speed being offset by the discharging which takes place at lower 
speed. Thus, with much driving at night, or with frequent 
starting and stopping, it may eventually be necessary to give 
,'s battery a separate charge, either removing it from the car, 
or running the engine soely for that purpose. 
,tith "constant voltage`E control more current is auto- 
matically given by the dynamo when the lamps are on - compare 
X1 and 2 - and any sudden draft on the battery is very quickly 
made goods phis is particularly the case immdetately after 
the starter has been operated, the drop in battery voltage 
causing the dynamo to pour back current at a much higher rate 
until the voltage rises again. 
ifith the battery nearly fully discharged, the "constant 
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whilst tA), giving an output dependent only on the speed of the 
dynamo, overcharges badly. grave consequences following 
on prolonged overcharging have already been referred to. 
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l3) she variation of charging rate during the time of 
charging has been carefully studied, All machines in class 
1A) are particularly unfortunate here, the rate being least 
at the beginning of the charge, when it should be greatest, 
and actually increasing towards the end of charge instead of 
dying down, as is much to be preferred, ,systems(. )and(B) 
are again compared with an ideal system tC) in the following 
diagram:- 
(4) The constant voltage' dynamo operates almost as 
satisfactorily with the battery removed as when it is in 
circuit, although of course no light is obtained unless the 
engine is running, No "current limiting.' dynamo can operate 
with battery disconnected, vn increase of speed the rise of 
current, normally supplied to the battery, which prevents 
excessive rise of voltage, can no longer be obtained; consequ- 
ently the voltage rises and promptly burns out the lamps, 
(5) It is very desirable that arrangements should be made 
that the mean charging rate may be adjusted to within 
reasonably wide limits, so that the conditions peculiar to 
each car - deoending on the nature of its work as well as 
the number of electrically controlled devices employed - 
may be provided for as far as possible, In "constant voltage" 
systems this can be effected in all cases by simply altering 
the tension of a control spring, In "current limiting" 
systems it is generally much more di_f:ficult, 
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.i)ynamo voltage egulation by Third .inrush I.4ethod. 
l,otwithstanding all the advantages to be gained by 
adopting a charging system based on constant voltage control, 
i eventually came to the conclusion that the only two systems 
so far introduced for motor cars - the vibrating regulator 
and the carbon granule regulator - were both rather too 
sensitive, were too liable to be put out of adjustment by small 
accidental disturbances, and were not capable of running for a 
prolonged period without requiring adjustment, i accordingly 
decided to adopt an armature reaction system, and chose the 
third brush method of control as being the simplest and most 
off ieient, 
after trying a number of methods of exciting the field 
circuit I found that the simplest winding - a single set of 
shunt coils connecte -s between the third and the main brush - 
was quite satisfactory, and i therefore adopted this arrange- 




with speed at a number of battery voltages, she dynamo is 
intended for charging a 6 -cell battery; the variation in 
voltage from about 11,6 to 16 volts indicates the normal 
extreme variation which is met - the highest voltage when the 
battery is gassing during daylight running and the lowest when 
the battery is almost discharged and all lamps are switched on 
at night, she increase of charging current when the battery 
is gassing is unfortunate, but i have so far been unable to 
devise any cheap and reliable way of avoiding this, .;he form 
of each curve is typical; if the dynamo is driven so that 500 
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,;,r.i,l, corresponds to 10 i1. ï. ri. , the charging current rises 
to a maximum at 20 . r', rí. is practically be same at 30 
M, P, ti. , and at higher speeds falls off. Ly adding a shunt 
winding connected directly across positive and negative 
brushes it would be quite easy to prevent the reduction in 
charging current at high speed, but 1 consider the form of 
curve shewn is preferable, or slow speed driving, as in 
town, or at night, the charging rate is high, whereas a car 
is driven at speeds exceeding 30 to 40 :i,P,ti, only in the 
doantry and during the daytime when a reduced charging rate 
is not only permissible but a slight protection against the 
evils of overcharging, 
.he output of the dynamo, depending chiefly on the 
difference between its voltage and that of the battery, is 
considerably affected by variations in permeability of the 
yoke, length of air gap, and armature and field resistance 
and i find it necessary to provide a means of adjusting the 
position of the third brush and thus the field current in 
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Fig, 48. 
the charging current for different angles of the third brash 
position, she construction of the brush gear, on similar 
lines to the starting motor brush gear already described, is 
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Fig. 50. 
,,witch Gear. 
.she complete circuit connections for the lighting 
equipment are shewn digrammatically in fig. 51. Three 
fuses are provided, a main fuse which operates in the case 
of short circuits occurringòn the connections between 
ttattery and dynamo or on the five lamp circuits. n 
auxiliary fuse protects branch circuits such as horns, 
interior lights, and so on, which are often wired up care- 
lessly, not being supplied with the car as originally 
delivered by the maker; the blowing of this fuse does not 
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ti cut -out, consisting of shunt and series windings, on 
a steel core, ovided with flat cheeks, a hinged armature 
and tungsten contacts, is set to close the circuit as soon 
as the dynamo generates the normal battery voltage ÿhe 
series winding is proportioned so that the circuit is opened 
by a reverse current not exceeding ten to fifteen per cent 
of the maximum charging currant. she cut -out combined with 
1 or 3 fuses in a common box is illustrated in fig'. 52, 
yip. 52. 
h e switching arrangements have to be varied to meet 
differing requirements. In general each switch has to do 
more than merely cutoff one circuit, car instance, the 
five lights on a car are most conveniently controlled from 
two switches, one of which controls head and tail lights 
and the other side and tail, Ilgain, it is a convenience if 
a switch in the field circuit can be interconnected with the 
switch operating the side and tail lamps, so that if the 
driver has discontinued charging during the daytime charging 
is automatically recommenced at night. .gin arrangement which 
i have used for this purpose is referred to in natant 
165,945, a copy of which is attached. innother arrangement 
frequently required is that the front lamps where three only 
are provided) can be connected either in series or parallel, 
the former connection being used when the car is stationary 
in order to cut down the current consumption. I find that 
the switch unit shewn in figs. 53 and 54 can conveniently be 
adapted to meet these various requirements; two fixed contact 
blades are secured on either side of the moving contact, Which 
has two positions corresponding to the switch knob being 




switch which may be insulated or interconnected at will, 
his arrangement provides a degree of freedom which enables 
the switching arrangements referred to to be worked without 
difficulty, although from the standpoint of manufacture one 





A. In addition to the patents referred to in the fore- 
going, copies of three others, which are connected with 
the matters discussed, have been included; these are Nos. 
125,331, 165,862, and 24,654/21. 
B.:ise of current in a saturated circuit. 
um working out the current interrupted at high speed 
in a nearly closed circuit coil, the iron ampere -turns of 
which are appreciable, 1,1 cannot be assumed to be constant, 
and I employ the following method of plotting the current 
time wave. :she instantaneous current it is given in 
terms of the final primary current Il by the expression 
(1- 
I = L, 
R, 
or inserting the value of in terms of the magnetisation 
curve of the coil, which, it is assumed, is known 
t- 1: 
(O&R,(., 
.,:rom this expression t may be worked out for assumed 
values of il, and the value of il interrupted at various 
speeds read off from the curve. 
C. I have recently come across .Professor 'aylor cones' 
mention tin the book referred to on page 20j of the 
experiments of iaingelfuss with nearly closed circuit 
induction coils. As he employed a gap not less than 
1 cm. ;apparently ) the air gap ampere turns must have been 
predominating, but as his is a prior investigation, ï wish 




Application Date, Nov. 14, 1918. No, 18,716/18. 
Complete Accepted, Apr, 17, 1919, 
COMPLETE SPECIFICATION. 
Improvements relating to the Windings of the Armatures of 
Magneto Machines. 
We, T7 E BRITISII LIGIiTING AND IGNITION COMPANY LIMITED, and ERNEST 
OWEN TURNER, Electrical Engineer, both of 204, Tottenham Court Road, 
London, W. 1, do hereby declare the nature of this invention and in what 
manner the same is to be performed, to be particularly described and ascer- 
5 tained in and by the following statement: - 
In the usual arrangements of the armature windings of magneto machines, 
such as are used in connection with the ignition devices of internal combustion 
engines, the primary coils are wound on the armature core and the high tension 
secondary coils are wound over the primary. 
to It is sometimes desired to produce simultaneous sparks at two or more plugs 
either in the same cylinder or in pairs of cylinders, the former device effect - 
ing more complete ignition in the cylinder and the latter enabling in a four 
cylinder engine, for instance, the distributor, gear wheels and high tension 
distributing brush gear etc. to be dispensed with. 
15 In one known arrangement the primary coil is first wound on the armature 
core in the normal manner and is then heavily insulated. The secondary coil 
is then wound over this in the usual manner with the exception that means 
must be provided to insulate The' innéi end of this coil which is brought out 
to the surface instead of being connected to the primary in the normal manner. 
20 The thickness of insulation required between the primary and secondary 
windings not only reduces the available space but lessens the mutual induc- 
tion between the windings and thereby decreases the efficiency of the trans- 
forming action of tEe windings. In addition, the heavy insulation which must 
be provided for bringing out the inner end of the secondary winding involves 
25 more loss of space. 
In another known method, two or more separate and independent secondary 
windings suitably insulated from each other are arranged in conjunction with 
a single primary winding. The two high tension windings are separated by 
an insulating partition, the inner ends of the windings being connected to the 
30 frame of the machine and their otter ends through slip rings to separate 
sparking plugs. In this method only half the total number of turns is opera- 
tive in producing the spark at each plug and the outer ends of each secondary 
winding. are at the same potential. 
According to the present invention, in. which the high tension winding is 
35 divided into two sections separated by an insulating partition, the inner layers 
of each sectional winding 'are joined together, but insulated from the primary 
and 'from the frame, at points on either side of the central partition and the 
secti wound in opposite directions over the primary, the ends of the 
.. [ice 
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sections, which are at opposite potentials of approximately equal 'value, being 
at the exterior of the coil. This arrangement has the advantage as regards 
the first mentioned known device that the voltage between the primary and 
secondary windings is reduced to a minimum, there is a considerable reduc- 
tion in the thickness of the insulation between the primary and secondary coils 5 
and consequently improved inductance between these coils and a corresponding 
gain in the space occupied. In addition, the di- electric stress in uniformly 
distributed over the insulation, ignition is equally effective if either side of 
the secondary winding is earthed and there is no necessity for a heavily 
insulated conductor to be brought out from the interior of the coils. 10 
It has the advantage over the second known arrangement mentioned above, 
that the full voltage Of both sections of the coil is available at the terminals 
of the secondary coil, two sparks can be produced in series and a short circuit 
on one plug increases instead of lessens The energy available at the other plug. 
The accompanying drawing shows partly in section an armature of a magneto 15 
machine in which the high and low tension windings are arranged according 
to the invention. 
The primary coils B wound on the core of the armature A are separated by 
a comparatively thin insulating layer D from the two sections C,, C, of the 
high tension winding. 20 
-The two sections are connected at a central point E which is insulated from 
the armature core and from the primary winding and the coils are wound 
in opposite directions towards the armature cheeks. There should be as nearly 
as possible the same number of turns in each section, in which case the two 
ends ci, c2 of the winding have p- otentials of opposite sign and equal value. 25 
An insulating partition F of known kind separates the two sections of the high 
tension windings. The ends of the high tension coils are connected by slip 
rings, or segments of one slip ring, in the usual manner to the terminals of 
the secondary circuit. 
Having now particularly described and ascertained the nature of our said 30 
invention and in what manner the same is to be performed, we declare that 
what we claim is :- 
1. A magneto machine in which the high tension winding is formed of two 
similar sections, separated by an insulating partition, the inner layer of each 
section being joined together at points on either side of the partition and 35 
insulated from the armature core and from the primary winding, the ends of 
the winding being connected through slip rings to the terminals of the 
secondary circuit, substantially as described. 
2. A high tension winding for magneto machines according to the preceding 
claim, in which both ends of the winding are on the external surface of the 40 
coils. 
3. A magneto machine according to Claim 1 in which the high tension wind- 
ing is formed of two sections with approximately the same number of turns 
wound in opposite directions starting from the point of junction of the two 
sections. 45 
4. A high tension winding of magneto machines according to the preceding 
claims, adapted for the production of ignition sparks in series, either in the 
same eylinder of an internal combustion engine, or simultaneously in pairs of 
cylinders. 
Dated this 14th day of November, 1918. 
ABEL & IMRAY, 
30, Southampton Buildings, London, W.C.2, 
Agents for the Applicants. 
Redhill: Printed for His Majesty's Stationery Office, by Love & Malcotnsou, Ltd.- -1919. 
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Application Date, Nov. 74, 7918, No. 18,715/18. 
Complete Left, May 14, 1919. 
Complete Accepted, Dec, 15, 1919, 
PROVISIONAL SPECIFICATION. 
Improvements in Armature Windings of Electric Alternating 
Current Machines. 
We, TIIE BRITISH LIGHTING AND IGNITION COMPANY LIMITED, anti ERNEST 
OWEN TURNER, Electrical Engineer, both of 204, Tottenham Court Road, 
London, W. 1, do hereby declare the nature of this invention to be as folilows : - 
The invention relates to the arrangements of the slots carrying the armature 
5 conductors of single or polyphase alternating current machines of the type in 
which the armature rotates past a number of poles of alternate polarity provided 
in the stationary field magnets, or in which the field poles revolve past the 
stationary armature windings. 
In such machines it is customary to provide several slots per pole for every 
10 phase in the winding, in order to dispose the winding to the best advantage 
around the periphery of the armature and to obtain a wave shape approximat- 
ing closely to a sine curve. Where the poles are few in number and the pole 
pitch is large this is very easily arranged, but difficulties arise where it is 
required for any reason to provide a large number of poles, as in very slow 
15 running alternators and motors, or in machines to generate at high frequency, 
or to run on circuits of high frequency. If only a single slot is provided the 
wave -shape becomes badly distorted from the ideal sine form and if the larger 
number is retained the slots must be so narrow that a large proportion of the 
slot volume is required for insulating lining, and the space factor is so greatly 
20 reduced that it is impossible to employ a conductor of sufficient cross section 
to obtain the desired output. 
These drawbacks are obviated according to the invention in which, preferably, 
only a single slot is provided per pole but the pole pitch in the armature differs 
slightly from that in the field magnets, with the result that the electromotive 
25 force induced in any conductor is out of phase by a constant amount with that 
induced in a conductor in either of the adjacent poles. The. effective electro- 
motive force at any instant is consequently the vector resultant of the separate 
electromotive forces induced in all the conductors which a.re arranged in series 
and the wave shape may be arranged to approximate closely to a true sine 
30 form, since it is obvious that the conditions determining the wave form are 
the same as if all the conductors in a given series were all symmetrically- 




Preferably, the armature poles are placed in as many different positions as 
possible with respect to the corresponding magnet poles. This may be effected 
by using a prime number of slots in the armature, or in any other convenient 
way. 
Dated this 14th day of November, 1918. 5 
ABEL & IURAY, 
Agents for the Applicants. 
COMPLETE SPIJCIhICATION. 
Improvements in Armature Windings of Electric Alternating 
Current Machines. 10 
THE 11I 13HI'l'1,till LIdsIIrlNd; AND IGxI'rlols;- COMPANY LI \1I1'El), and 'lì \ES'r 
OwEN TURNER, Electrical Engineer, both of 204, Tottenham Court Road, 
'London, W.1, do hereby declare the nature of this invention and in what 
manner the sanie is to be performed, to be particularly described and ascertained 
in and by the following statement:- 15 
The invention relates to the arrangements of the slots carrying the armature 
conductors of single or polyphase alternating current machines of the type in 
which the armature rotates past a number of poles of alternate polarity provided 
in the stationary field magnets, or in which the field. poles revolve past the 
stationary armature windings. 2C 
In such machines it is customary to provide several slots per pole for every 
phase in the winding, in order to dispose the winding to the best advantage 
around the periphery of the armature and to obtain a wave shape approximat- 
ing closely to a sine curve. Where the poles are few in number and the pole 
pitch is large this is very easily arranged, but difficulties arise where it is 25 
required for any reason to provide a large number of poles, as in very slow 
running alternators and motors, or in machines to generate at high frequency, 
or to run on circuits of high frequency. If only a single slot is provided the 
wave shape becomes badly distorted from the ideal sine form and if the 
number is increased the slots must be so narrow that a large proportion of the 30 
slot volume is required for insulating lining, and the space factor is so greatly 
reduced that it is impossible to employ a conductor of sufficient cross section 
to obtain the desired output. 
These drawbacks are obviated according to the invention in which, preferably, 
only a single slot is provided per pole per phase but the pole pitch in the 3;1' 
armature differs slightly from that of the field magnets, as previously proposed 
in connection with multipolar continuous current machines, with the result that 
the electromotive force induced in any conductor is out of phase by a constant 
small amount with that induced in the next consecutive and similarly disposed 
conductor of the same phase winding. By similarly disposed conductors are to 40 
be understood conductors conveying currents in the same direction in space, 
for example, conductors opposite field poles of the same sign. The effective 
electromotive force at any instant is consequently the vector resultant of the 
separate electromotive forces induced in all the conductors which are arranged 
in series and the wave shape may be arranged to approximate closely to a true 45 
sine form, since it is obvious that the conditions determining `qhe wave form 
136,215 
are the same as if all the conductor, in a given series were symmetrically 
distributed over the space of a single pole pitch. 
The winding may be considered as consisting of groups of conductors in 
series. 
5 For the sake of simplicity, the following description refers to a single phase 
winding, but, of course, with the usual modifications it may equally well be 
applied to two -phase or other polyphase windings. 
If the armature is provided with one slot per pole and the direction of the 
current in the conductors in any slot is opposite to that of the conductors in 
10 adjacent slots, the maximum allowable space occupied by each group would be 
such that the relative angular displacement between the electromotive forces 
induced in the conductors of the first and last slots of the group is 180 electrical 
degrees. If this were exceeded the vector resultant of the electromotive force 
would be reduced. It may be arranged, that the conductors in the first slot of 
15 the next group carry current in the same direction as-the conductors in the last 
slot of the first group, or one or more slots can be left blank. 
It is the usual practice to limit the winding to a half or two thirds of the pole 
pitch, since the small increase in the electromotive force obtained by windings 
distributed over the whole pole pitch does not compensate for the increased 
f0 resistance, reactance and cost. Similarly, in the arrangement according to the 
invention it may usually be convenient to reduce the number of wound slots and 
leave a certain number unwound. 
The groups are, preferably, connected in series. but they may be connected 
according to the requirements of the design in parallel, or series -parallel. The 
25 total number of the slots, or the number of the wound slots, may be different in 
the various groups. 
The best wave shape and one free from ripples is obtained when there is a 
small phase displacement between each succeeding group of windings. This 
may be effected, for example, by the use of a prime number of slots in the 
30 armature. 
The invention is applicable to either single or polyphase windings. 
In the accompanying drawings, which represent diagrammatically examples 
of windings according. to the invention, Fig. 1 represents a winding in which 
there is one blank slot between each group. In Fig. 2, three blank slots are 
35 shown between successive groups. 
In Fig. 1 the slots are numbered 1 -10 and the positions of the north. and 
south poles of the magnets are denoted by the symbols O and X. It is assumed 
that 8 magnet poles subtend approximately the sanie angle at the periphery as 9 
slots. There would, consequently, be a phase difference of approximately 180 
40 electrical degrees between the electromotive forces induced lid- the magnet poles 
in the conductors contained in the first and ninth armature slots and for this 
reason the ninth slot is left blank. 
Two conductors. per pole are shown in the example, but the number would 
be varied according to the requirements of the design. 
45 The connections of flic' ends of the coils may be varied in any manner which 
provides for the proper direction of the current under each pole. 
The arrangement shown in Fig. 2 is similar to that of Fig. 1 except that there 
are six wound slots and three blank slots in each group. 
Having now particularly described and ascertained the nature of our said 
50 invention and in what manner the same is to be performed, we declare that 
what we claim is:- 
1. A single or polyphase electric alternating current machine in which the 
pole pitch in the armature differs slightly from that of the field magnets and 
the electromotive force induced in any conductor differs in. phase by a constant 
55 small amount from that induced in the next consecutive and similarly disposed 
conductor of the sanie phase winding,. substantially as described. 
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2. An electric alternating current machine according to Claim 1, in which 
the conductors in adjacent slots of the same phase winding are arranged in 
series in groups in which the relative angular displacement between the electro- 
motive forces induced in the conductors of the first and last slots of any group 
does not exceed 180 electrical degrees. 
3. An electric alternating current machine according to Claim 2, in which 
one or more slots in each group of slots are left blank. 
Dated this 14th day of May, 1919. 
5 
ABEL & IMRAY, 
30, Southampton Buildings, London, W.C. 2, 10 
Agents for the Applicants. 
Redhill: Fiinted for His Majesty's Stationery Office, by Love & Malcomson, Ltd. -1919. 
PATENT SPECIFICATION 
Application Date: Sept, 22, 191,9. No. 23,374 79, 
Complete Accepted . July 11, 1921. 
COMPLETE SPECIFICATION. 
165,862 
Improvements in or relating to Ignition Systems for Internal Combustion 
Engines. 
We, THE BRI'TISII LIGIITING ANI) 
IGNITION COMPANY, ILIMPI'ED, of B.L.I.C. 
Works, Cheston Road, Aston, Birming- 
ham, in the County of Warwick, utul 
5 ERNEST OWEN TURNER., of :i5, iMIayfield 
Road, Moseley, Birmingham,. in the 
County of Warwick, Chief Electrical 
Engineer, do hereby declare the nature 
of this invention and in what manner the 
10 saune is to be performed, to be particularly 
described and ascertained in and by the 
following statement :- 
This invention relates to ignition 
systenns for internal combustion engines 
15 and more particularly to such systems 
comprising an induction coil, and a 
circuit breaker, the direction of current 
through the circuit breaker being reversed 
for the purpose of preventing or minimis- 
20 ing unequal wear of the contact points of 
the circuit breaker, this reversal being 
controlled by a hand operated or power 
driven switch. 
According to one feature of this inven- 
25 tion an ignition system comprises a 
single battery, an induction coil, a 
circuit breaker for opening the primary 
circuit thereof which circuit is normally 
closed, and a hand operated controlling 
30 switch having two " on " positions and 
connections such that the direction of the 
current through the circuit breaker is 
reversed as the switch is moved from one 
"on " position to the other. 
35 According to another feature of the 
invention in an ignition systenn compris- 
ing an induction coil and a circuit 
breaker for the primary winding thereof, 
there is employed a power driven switch 
40 or commutator having a single pair of 
bushes for continuously reversing the 
direction Of the current through the 
circuit breaker. 
[Price 1/-1 
In order that the invention may be 
clearly understood and readily carried 45 
into effect, the same will 110W be more 
fully described with reference to the 
accompanying drawings, in which:- 
Figure i is a circuit diagram illustrat- 
ing one of the methods according to this 60 
in vention of 'preventing wear of the 
contact points of the circuit breaker, 
Figure 2 is a similar circuit diagram 
illustrating another method of prevent in,), 
such wear, 5.5 
Figure 8 is a side elevation partly in 
section of a dynamo and ignition set 
showing the arrangement of the circuit 
breaker and distributor, and 
Figure 4 is an end. elevation of the 60 
same. 
Referring to Figure 1, the ignition 
system comprises an induction coil C, a 
circuit breaker or interruptor I connected 
ill series with the primary winding of 65 
the coil C and a distributor D connected 
to sparking plugs P. A battery B is 
sh own for supplying the current, but in 
addition a din amo may of course be pro - 
vided. 70 
For controlling the supply of current 
to the primary winding of the coil C and 
reversing the direction of the current a 
switch S is provided. This switch is only 
shown diagrammatically iu the drawings. 75 
It comprises two switch arms Sl and S 
to which connection is made by straps 
S., and S4. The arms S1 and S are 
rotated by a single handle and always in 
the same direction, for example clock- 80 
wise. The switch operates as follows:- - 
With the switch arms in the position 
flown the circuit of the primary winding 
is open. If the switch arms are reta.ted 
through 90 degrees so that the arm S, 85 
conies into contact with switch contact 
2 165,862 
S, and the arm S1 into contact with switch over a circuit from the positive terminal 
contact SG, a circuit is completed from of the battery, contact segment E0, switch 
earth, battery l;, resistance It herein- aim E contact segment E4, interrupter 
after more fully referred to, strap S, I, pri.niary winding of the coil C, switch 
5 switch arm. S1, contact S; through the G-, resistance R, hack to the right -hand 
primary winding of the coil C, contact section of the battery. When the switch 
breaker I, contact Se,, switch arm S.,, to arm. 1iì is in the position. shown in dotted 
earth. If the switch arms are rotated lines, the current flows through the 
through a further 9() degrees the circuit primary winding in the opposite direc- 
10 of the primary winding of the coil C is {ion the circuit being from. the positive 
again broken. On rotating the switch terminal at the middle of the battery, 
arms through a further 90 degrees the through resistance R, cut oft switch G-, 
circuit through the primary winding is primary winding of the induction coil C, 
again closed but the current through the contact breaker I, contact segment; El,, 
15 winding is reversed in direction the switch arm. E1, contact segment E.; to the 
circuit being from earth, battery B, negative terminal of the battery. The 
resistance R., strap S3, switch arm Si, direction of current through both tin 
contact S;, contact breaker I, primary induction coil and contact breaker is with 
Winding of coil C, contact Ss, switch the arrangement shown reversed lit earl 
`_.01 arms S.,, strap 84 to earth. By rotating successive. interruption. The periplhera. 
the switch arms through a further 90 length of the seem eats of the switch 1 
degrees the primary circuit is again is so arranged dint carrelcI is ainav: 
opened. It will therefore be seen that broken at the coniac i breaker. Tin 
each time the Fri man- circuit is closed resistance li. acts as a ballast resist ancc 
'25 by the switch S the current flows across in the sauce way as resistance R sbo`y1 
the contact breaker points in a direction in Figure 1. 
opposite to that in which it p evion4y As an alternative, arrangement, instea.c 
flowed thereby tending to prevent the of the primary win ding of the coil 
unequal wear of the contacts. being councc ie(1 to the middle point c 
30 7.'he resistance R has a high positive the battery, it may be connected to th 
temperature coefficient and acts as the middle point of the ballast resistance am 
" ballast resistance " hereinbefore the latter 4,onnecte d across the whol 
referred to, to prevent the current in the battery. If this arrangement, is ailopte 
primary circuit rising to too great a value it is desirable that both sections of lh 
35 when the engine is running slowly or ballast resistance should be made cor 
should the engine be stopped by any siderably greater than the resistance c 
other means than by switching off the the primary winding of the coil, so thr 
current.. only a small portion of the workin 
With the arrangement shown in Figure current in the coil is shunted in turn b 
40 1 it is possible that the circuit may be either resistance. 
closed through the contact breaker with The arrangement shown is for ignitin 
the current in one direction for a longer in a four cylinder engine but by suitabl 
time than with the current in the opposite modifying the number of clistributc 
direction, thus causing unequal wear of paints, etc., the same principle may I 
45 the contacts. The circuit, arrangement employed for igniting with any numb. 
shown in Figure 2 is not open to this of cylinders. 
objection. In Figure 2 there is showy The switch or commutator E, the ca. 
acs induction coil C, a contact breaker I, for operating; the contact breaker and ti 
distributor 1) and sparking plugs P. high tension distributor are all preferaib 
50 Current is supplied from a battery B mounted with a common. axis, the hir 
though a reversing switch or commuta- and low tea.sion brushes and the ca. 
for l., driven by the engine. The primary being mounted on. a common spindle 
winding of the coil C has one terminal that they are rotated together. 
connected, preferably through a ballast The contact breaker I and distribua 
55 tesista.nce R: having a high positive D and the reversing switch or commit 
temperature co- efficient and a cut -off for E if a power driven switch 
switch Gs, to the middle point of the employed are preferably made an integ1 
battery B and the other terminal to the part of the lighting dynamo instead 
contact breaker I. The switch E coo- being in the form of separate units. Su 
iO prises a switch arm. E1 which makes an arrangement is shown. in Figures 
contact with contact segments E,, E., and and 4. The distributor and contr. 
Ea. With the switch arms E- the breaker and also the reversing switch 
position shown in full lines current flows if a power driven switch is employed a 
165,862 3 
'mounted in a casing F attached to one 
of the end brackets of the dynamo 1)'. 
The distributor and contact breaker are 
driven by skew or other suitable type of 
gearing H from the dynamo shaft D2, 
the distributor and contact breaker 
brushes being mounted on a vertical shaft 
H1. The induction coil C may be 
mounted on the top of the dynamo or in 
any other suitable position, for example, 
it may be mounted co- axially with the 
vertical spindle 111 or on the back of the 
dashboard if the ignition set is used on 
a motor car. By combining the dis- 
tributor and contact breaker in one 
structure with the dynamo as described 
the advantage is obtained that there is 
only a single unit to mount on the engine 
frame instead of two or more units. 
Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is:- 
1. An ignition system comprising a 
single battery, an induction coil, a. 
circuit breaker for opening the primary 
circuit thereof which circuit is normally 
closed, and a hand operated controlling 
switch having two " on " positions anti 
connections such that the direction of the 
current through the circuit breaker is 
reversed as the switch is moved from 
one " on " position to the other, fot the 
purpose described. 35 
2. In an ignition system comprising 
an induction coil and a circuit breaker 
for the primary winding thereof, the 
employment of a -power driven switch or 
commutator having a single pair of 
brushes for continuously reversing the 
direction of the current through the 
circuit breaker, for the purpose 
described. 
3. In an ignition system comprising 
an induction coil and a circuit breaker 
for the primary winding thereof, the 
employment of a power driven switch or 
commutator which supplies current con- 
tinuously reversed in direction 
alternately from two sections of a battery. 
4. An ignition system arranged and 
operating substantially as described with 
reference to the accompanying drawings. 





ASELTINE, LAKE & Co., 
28, Southampton Buildings, London, 
England, and 
55, Liberty Street, New York City, 60 
Agents for the Applicants. 
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PATENT SPECIFICATION 
Application Date: Apr. 6, 1920, No, 9680 20. 
Complete Accepted: July 6, 1921, 
COMPLETE SPECIFICATION. 
165,645 
Improvements in or relating to Dynamo Electric Systems for use on 
Automobiles. 
We, TIIE BRIrI5i-i LIGIITING AND 
IGNITION COMPANY, LIMITED, a British 
company, of B.L.I.C. *Works, Cheston 
Road, Aston, Birmingham, and ERNEST 
5 
OWEN TURNER, of 85, Mayfield Reacl, 
Moseley, Birmingham, Chief Electrical 
Engineer, a subject of the King of Great 
Britain, do hereby declare the nature 
of this invention and in what manner the 
F0 same is to be performed, to be particu- 
larly described and ascertained _in and 
by the following statement: - 
This invention relates to dynamo 
electric systems for use on automobiles 
h that is to say electric equipments com- 
prising a dynamo and a hatfery which 
is charged thereby. . 
The present invention relates to the 
kind of dynamo electric system compris- 
!o ing a dynamo and a battery and in which 
the charging of the battery is controlled 
by a manually controlled switch in the 
circuit of the field winding of the 
dynamo. 
5 According to this invention in a 
dynamo electric system of the kind 
referred to means are provided whereby 
the dynamo is caused to give a maximum 
output on the closing of one or more 
0 switches controlling a lamp or lamps or 
.other power consuming device, these 
means being constituted by arranging 
that the operation of the last mentioned 
switch or switches causes the operation of 
5 the switch in the circuit of the field 
winding. 
In order that the invention may be 
clearly understood and readily carried 
into effect the same will now be more 
0 fully described with reference to the 
accompanying drawing which is a circuit 
diagram showing one form of the 
[Price 1/ -] 
switching system according to this 
invention. 
The dynamo illustrated is of the three 45 
brush type. The main brushes B1, B of 
the armature A are connected to the 
battery B and lamps L and li or the like 
through a reverse -current and no voltage 
switch C or any suitable type. The two 50 
lamps L may be for example the head 
lamps on a motor car the three 
lamps M the side and tail lamps. A 
shunt field winding I', is connected to the 
brushes B1 and B2 the connection to the 55 
brush B1 however being through a resist- 
ance R the object of which is herein- 
after referred to. A second field winding 
F is connected, through the resistance 
R, to the brush B1, and directly to the 60 
brush B,.. Switches S and S2 are pro- 
vided either of which when closed short 
circuits the resistance It thereby con- 
necting the windings Fi and F2 directly 
to the brush B1. With increase of cur- 65 
rent delivered by the dynamo the voltage 
across the winding F2 is diminished 
whereby the resultant voltage induced in 
the main circuit is maintained- substan- 
tially constant within fairly wide ranges 70 
of speed. To provide, however,. for.very 
wide variations of speed. the winding F1 
is provided the influence of this winding 
on the voltage being small at the speed 
at which the dynamo voltage just 75 
balances the .battery voltage. The effect 
of the winding F1 is to compensate for 
the reduction of current in the mains due 
to the winding F with the result that 
tb.e variation of current in the mains 80- 
with speed may be controlled to almost 
any desired extent. 
The switches S and S2 form the charg- 











The resistances R, hereinbefore 
referred to, is employed so that when the 
charging switches S and S2 are open the 
charging rate is reduced to a value below 
the maximum but not to zero. Such an 
arrangement may be employed particu- 
larly when an electric starter forms part 
of the equipment or when the current is 
continually required as, for example 
when the automobile is provided solely 
with battery ignition. 
The switch S1 hereinbefore referred to 
is mechanically connected to the switch 
S2 so that the closing of the circuit of the 
lamps AI also causes the closing of the 
switch S2 to short circuit the resistance 
R and thereby cause the battery to be 
charged at the full rate. When the 
switch S is closed and switches Si, S, 
and S3 are open the dynamo charges at 
its full_rate, this corresponding to normal 
running during the day time with the 
battery partially discharged. As soon 
as the battery is fully charged switch S 
can be opened whereby the resistance R 
is introduced into the circuit of the field 
windings F1 and F9 and' the charging 
rate is immediaTtely reduced. If while 
switch S is open the lamps Ai are switched 
on by closing the switches S1 and S9 the 
resistance R is once more short circuited 
and the charging rate is increased to its 
full value thus compensating for the 
increased output demanded. With this 
arrangement it is immaterial whether the 
charging switch is on when the lights 
are required as the act of switching on 
the lights re- establishes the full charg- 
ing current independently of whether the 
charging switch S has been operated 
or not. 
- Instead of connecting the resistance 
R and switch S in the circuit of both 
field windings F1 and F2, they may be 
connected in the circuit of one winding 
F2 only. Alternatively, the resistance 
may be dispensed with, and the switch 
.connected in the circuit of the one wind- 
ing F2, the other winding F1 remaining 
permanently connected across the arma- 
ture terminals. 
Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is:- 
1. In a dynamo electric system of the 
kind referred to, the provision of means 
whereby the dynamo is caused to give 
a maximum output on the closing of one 
or more switches controlling a lamp or 
other power consuming device, the said 
means being constituted by arranging 
that the operation of the said switch 
or switches causes the operation of the ô 
switch in the circuit of the field winding. 
2. In a dynamo electric system com- 
prising a dynamo and a battery and in 
which the charging of the battery is con - 
trolled by a manually controlled switch 11 
ill the circuit of the field winding of the 
dynamo, the provision of a resistance in 
the circuit of the dynamo field winding, 
short- circuited when the charging switch 
is closed, but included in the circuit 1 
when the charging switch is open, the 
closing of one or more switches con- 
trolling a lanq or other power consuming 
device serving to re- establish the short - 
circuit of said resistance for the purpose 
described. 
3. A dynamo electric system arranged 
and operating substantially as described 
with reference to the accompanying 
drawings. 
Dated this 6th day of April, 1920. 
HASELTINE, LAKE & Co., 
28, Southampton Buildings, Lond , 
England, and 
55,, Liberty Street, New York City, 
U.S.A., 
Agents for the Applicants. 
















































Me s sr TIE BR E ISH LflHyIHG liD ITT L'I ON 
OOMPiNY L 111D , and. Mr. :!1,771:]ST 0 :117..T 
TURNER S Invent ion, 
"Im7Drovements in or relating to ignition 
magnetos or internal combustion engines. 
:o. 14777. DAed 27th Ljai, 1921. 
'This invention relates to ignition m gnetos or internal 
eombustion enojne said magnetos being of the t,Te in which a 
rotary magnet or inductor is ad Joyed in conjunction rith a 
fixed armature. 
'ceoraing to the present invention the rotary magnet o 
an irmition magneto of the kind re72rred to is constructed in 
such m nner t',at the mean length of the flux p th through it 
is appreciably greater than the mean distance between the O'r- 
-oopito pole shoe faces o the fixed armature, the dImensions 
the said m_gnet beine such that the cylindrical voltrle it 
oc ttreies -,ehen revolving is substantially the sane as that o7 
cylinder the diameter ana length o' -hich are eeual res-ective- 
ly to the diameter and .1alial length o7 the stationary armature 
pole shoes. 
In order that the invention may be clearly understood and 
readily c rried into of!eet the sale will now be daecrib d 
nor() fully Jith reference to the aceo_dr.anying drawings in 
which :- 
"if-ures 1, 2, 3, 4 and 5 illustrate respectively various 
cross-sectional shapes for the rotary magnet in accordanee 
Jith the Present invention, 
Figure 6 is a sectional and elevation end figure 7 a sec- 
tionra side elevation of a magneto in Alic;a the rotary magnet 
has a cross-sectional shape as shown in ?kall-e 1, 
7igure 8 is a side el-)vation of a farther modified con- 
struction of rotary magnet, e,nd -ligu-e 0 is n soetion through 
Vie lire A.11 On PiPnr0 8. 
Referring to Figures 1, 6 and 7, the magnet consists of a 
cylinder bored centrally, the cross-section of thih is a 
circle, but whereof the portions a, a', between the two polar 
arcs b, bl are reduced in diameter, The bare of the cylinder 
c in made comparatively large so that the mean path of the 
flux passing through the curved -ath provided between the polo 
faces b nd h' around the central bore c is ceenreciably longer 
than the mean distance B D between the two pole faces. The 
cylinder may be either solid or built up of a number of lamina- 
ted sections d as shown in Jigure 7. In he latteL case the 
laminated sections or discs may be assembled on a central 
e5indle e (Ingures 6 nd 7) _nd held together by and plates 
or clamps. Alternatively while still retainin the central 
bore c so as to increase the 'lax _ath, holes may be punched 
shown in doted lines at f, f in Figure 1), idrelerably mid- 
way between the tips of each of the -pole faces b and b', ,nd 
the laminated sections or discs may be rivetted together to 
end flanges carrying sY,indle cateneions to fern bearings and 
provide a drive. If thin steel laminations are employed in 
building up the magnet it may sometimes happen that in harden- 
ing they become slightly distorted and do not lie mite flat; 
this difficulty may be overcome by insert in between each pair 
of 1,:linations a thin layer of material such as leatheroid\or 
Tresspahn in:o which. the steel leminttions ma y bed s114,,htly 
arrangement presents the farther advantages that eddy 
currents in the pole faces aro reduced by- insulating each 
lamination from its neighbours. 
. , 
In other forms of construction of the rotary magnet a 
long au: path may be obtained by the eueloyment e a solid 
or laminated magnet oT V shape (not illustrated), of "51" 
shape, ns shown in ?igures 2 cad 3, or "Ii" shape cross- 
section, us shown in Pigure A. 
The magnet shown in Pigure 5 has a gross cross-section 
nearly equal to that o? the complete circlo in which it re- 
volves, the 17Iax path being lengthened to the required degree 
by the slots a, -,7"elch divert the ?lux from the straight lino 
yath between the poles b, b' into a longer curved path. 
As shean in 2igures 3 cad 4 there may be advantageously 
employed in conjunction with the various _L'orms of the in- 
proved rotary magnet separate pole shoes h soft mL,gnatic 
matelial _Lid preferably laminated. In the normal operation of 
a magneto there is considerable cyclic change of direction of 
flux in the pole face, uhich rOno- ::5 this 1)ortion of the ro- 
tor, if made of permanent magnet steel of much less value than 
these portions further removed from the pole face which are 
not so affected, and consenuently pole shoes of so'ter and 
much cheaper material may as aforesaid with advantage be sub- 
stituted, in particular since much thinner lamintions may be 
err loyed than are convenient in te case of pormzment magnet 
stool. he soft iron pole shoes may be rivwcted uelded or 
otherwise secured in -place. 
In the form of construction of the magnet illustrated in 
2igures 8 and 9 the rotary ilagnet comprises a body portion in 
the Term of a rod or bar k of rectangular uross-section, 
though the -Ad bar may have any other convenient cross- 
sectional share such as circul r. Ehe bar Is -)rovided with 
-role shoes 1 attachod to it at o-) osito ends res-ectLvely so 
that "or the greater part of their length they are separated 
from the body 1-,ortion o the :ongnet by an air sace m. The 
outer surfaces of the Iola shoes 1 are forLied as usual so 
as to be concentric with the curved pole 2,1.ces of the station- 
ary 1.mature, the ,ole shoes themselves beinr mountea so that 
the axis o-o of the body portion is the same as that of the 
armature pole faces (or the axis of revolution 7)-22. Figure 7) 
as would be the case with the c)nstructions shown in Figures 8 
and O. If desired however the pole shoes 1 -ay be mounted so 
that Ihe axis of the body poItion is inclined at an anglo, less 
than ninety degrees, to the axis of revOlution. The pole shoes 
I convey the flux from the magnet to the cylindries1 faces of 
the op-sosing role shoes r (rligure 6) of the stationary arma- 
ture. The sid role shoes 1 my be fonned as continuous ex- 
tensions of the uagnet, or they Day be made separately there- 
from ond attached thereto by welding or in any other suitable 
manner. 
Tnall of the constructions o? magnet above described It 
cviii be seen that the total length of the magnet along its 
axis of revolution is Jubstantially the same as the length 
(measured in the 3,120 direction) of the armature ,ole shoe 
faces. 
-5- 
D'AVI7G 70 particularly describo d. and ascertained the 
nature o 7 our saId in70 zri; Lon and in hat manne: the s.e is 
to 1)e -erPormed, 'se declare that claim is:- 
1. tai ignition magneto of the kind re-erred to, in 
.121116i the rotary liagnet is wnstracted in such man.ner that the 
mean length of the flux -,ath though it is ,- ace lab ly greater 
than the mean distance between the opy-osite pole shoe faces 
of the fiaed azaaature, the dimensions of the said magnet being 
such that the c;71indrical volume it occupies hen revolving 
is substantially tile some as that of a cylinder the diameter 
and length of Lich are equal respectively to the diameter 
and axial length of the stationsr; armature role shoes 
2. An itrY1 it ion magneto of the kind referred to, in 
which the rotary magnet has a cress-section of S, V or U 
form, and the length of hioh magnet me' eured in the direction 
of Its aa'is is apyroximately the sane as that of the station- 
ary armature role shoes measured in the sa:fie direction. 
3. An ignition magneto as in claim 1, in which the ro- 
tary magnet consists of a contrially-bored elindor having the 
Tortions ca:nrised between tho two aolar surfaces of smiler 
diameter than the diameter of the 2olar surfaces, 
4. An ignition magneto as in claim 1, in which the ro- 
tary magnet comiJrioes a body T'ortion in the form of a rod or 
bar having at its op osito sides -sole shoes separated for the 
- 3- 
:eater part of their length from the sAd body rortion, the 
is of said body portion coincidinw with or being inclined 
t an angle of less than ninety degrees to the axis o re- 
olut ion of the magnet. 
5. An ignition magneto according to any of the Treced- 
ag claims, in which the magnet is built up of Lninated sec- 
ions, iith or without a thin layer of insulatlrg material 
atween adjacent sections. 
G. An igni.ion magneto according to any of the -,reced- 
aL claims, in ..13 ich the rotary magnet is orovided with 
aminated po 1 e shoes of soft magnetic material. 
7. An ignition magneto constructed substantially 
ascribed with reference to any o7 the examples illustrated 
a the accompanying drawin7s for the -purpose specified. 
Dated this 11th day of 72ebruary, 1922. 
(Signed) Taseltine, Lake 60,, 
28, Southampton .4.j,ni 
and 





































































































































JO P Y . 
2INAL JC rsii0 AT i 0.1.i 
of 
S' sr . THE HT?. ri FAH LIGHT IN G AND 
IGEIION CO LTP...1TY fli2ED nd. 11-2. 
ERNEST OVEN TURNER " S Invent ion , 
fo r 
" Im-provernent s in or rolat ing to 
ignition nrg. no t o or internal 
combust ion engines " 
o. 14778. Dated 27th May, 1921 
his invontion relates to ignition ra.. netos for into_ ial 
combustion ea rino: o2 the tk,po in v.iioh rotary magnets or 
inductors -re era :loved in conjunction. .:i th stationary;; tlrma- 
turer, and hac for its object to tr:.nsmit with ú minimum of 
t.ìti ïletio reluutaace nd in i_ convenient ra:nner the magnetic 
flux co1lJctod tho armature _pole shoos faces at a low 
donsity from tho rotary mapaet or inductor poles, Lnd to 
convoy it at a higher density to the stationary yoke piece 
or core : -round ii ich the lo.i d hi h tension coils o:" the 
armature are wound. 
ïho "lux density at which the 'lux is most conveniently 
transriitT ed _.cross he air Pop f- o,:: the 7ot ary magnet or 
inductor ole shoes to the o:m osir_g rra aura ,-ole shoes of 
the rargneto is, or val -ions reasons, conraratively lo.:, The 
ronanenoe of a -,rmrnent magnet, is in the neighbourhood of 
10,000 linos e_ square oent im ̂ tre or less, ,r_d this value is 
cons iderably reduced by the conditions v. ich obtain in the 
magneto; thus on -ccount of the reluctance 02 the air gap and 
other alto t :io circuit and also o1iing to she oact'_on oî 
the armature, taie actual -. orking flux density in the magnet 
may be not :yore than 5,000 to 7,000 linos ._.er square centi- 
metre. in n uy cos it ni y prove :;aaivonient to mLinta.in 
a ro__im tel -:,ho s .le -'lux density in the air gap nd 
consequently in the armature polo shoe faces. ::he flux den - 
Ûity in the stationary arr_ìat,,re core or yoke pieces however, 
is boot a. Intainod at a much hi -her Vi'lue say 14,000 to 
13,000 1 in -)2,' por quare centimetre, art1y bee:use hirth 
rermeability steel is generally efroloyed or this part of the 
partly in order to rodue.-) as much as Possible 
Le length of mean turns o: th e - rimary and socondary 
-.",117rthe:, in order to :1'-eep the length o-7 moan turns 
o-1 the coil trindinP; as low as t)ossible, it is desirable Via'. 
the cross, section o,* the armature core should be either a 
circle or, i-47 as Is more usually the case, it has the fom 
a roct-n, le, it should be square or near so ; consequently it 
is desirable that the breadth o7 the armature core (measured 
in the same direction as the axi 1 length of the rotor) should 
be much less than the length o tho st,Ltionary polo ahoe 2-CO, 
measured in the saII) d. h'ection. 
IT solid steel or iron be anployed or leading the flux 
from the armature polo shoo 'aces to the armature core or 
yolr.e piece, the cross Secton o the Tole shoos may be suit- 
Lbly varied, so that the flux density is hihe on entering 
the yok.') and lower t the pole '-cos; in order however to 
,liniraiso the for:it-Al.:n-1 of ed(ly currents, i Is esirab lc to 
1 minato the whole of this -nortion o E' the magnetic ci-cuit, 
ad if laminated pole shoes were made -un in the simplest 
form to obtain t'-is result, that is by reduc'ng their length 
(measured in the direction of the axis), as the shoe 
es the junction ith the armature coil core, .or alternatively 
by leaving the iole shoe the same width as at the pole shoe 
air gap face L.,,nd by arranging for the armature coil core to 
collie in contact ,ith the shoes for only" a portion of their 
length, the disadvantage arisos,that, starting from a 
eertain portion of the air gap face o' the pole shoe, 'lux 
will have to as transversely through a number of laminations 
in order to enter the armature coil core or yoke, the insula- 
tion botweon -these 1 min-tions addinp considorably to the 
total reluctance of the circuit, ahich is undesirable. 
'ecording to the present invention an ignition magneto 
having a rotary magnet or inductor ond stationary armature 
role shoes, the length of v1hich at the cylindrical face of 
the shoe op osito to the rotot poles is greater than the 
longth o the shoe at its junction with the armature coil core, 
both lengths being measured in the airoction of the axis of 
the rotor, is oharacterised by the said stationary armature 
'Dole shoos being formed of 1. vtinated sections constructed ana 
arranged in such m,nner that only , very Short lencth o- the 
flu .x. path lo in direction transverse to the direction of 
the luminz:tions. 'Ale cross section o.7 the core !1-y be forme 
as a square or with sides as near. ly equal as may be desirod. 
By this method of construction the Eau= collected from the 
ragnot or inductor polo-shoo faces is transmitted with a 
minimum o:.7 reluctance to the armature yoke or core. 2or this 
purposl the stationary armature polo shoes are built up from 
lcminated sections whiAh are not -11 o the same length, s 
hereinafter describA!, the 1)nger sections serving to lead the 
711117- to the armature core, the shorter soctions to- minating 
t.ith the pole shoes Tropor. 
In order that the inventLon may be clearly understood and 
readily carried into effect the same will non be described more 
fully with reference to the accompenying drawings in which: 
Pigure i is a sectional e:nd elevation and 7irure 2 a 
side elevation o- a m..7neto constructed in ccor4ahce -gith 
the present invention. 
As %rill be seen from Figure 2 the armature pole shoes a 
are formed of laminated sections comprising the longer strips 
b between nhich are positioned one, two or three shorter strips 
c, the shorte s4ips being equal to the height o: the pole 
shoe proper and the longer strips being of a length sufZi- 
cient to lead the flux from the pole shoes to the armeture 
core a. The strips b and c are first rivetted at the top _lid 
bottom ofthe colo shoes, and the free ends of the longer 
strips b are then pros ed together so as to assume the form 
ehown in Figure 2 and rivetted t tLeir upper ends. pith this 
construction the total reluctance between the armature pole 
faces and the armature core will be low; in the case when the 
laminated sections consist of long and short strips alterntet- 
ing with one another, the flux collected from any part or the 
role shoe faces will only have to pass transversely through 
one strip in order to pass from no pole free to the armature 
core, the sane result being obtained if two short strips are 
inler-osed between consecutive long' strips, in the 
case of there being three adjoining short strips as shown at 
the left hand side of Figure 2, the flux from the two outer 
short strips c" has again only to pas transversely through 
one strip, and the flux from the central chort strip 0" 
through two strips, in order to reach the armature core. 
The breadth o the pole shoe at the :oraction 0 with the 
armature yol;:e or core d (i.uasured in the sane direction LB 
the axis of the rotor) may be made as much shorter t an the 
Pull length of the polo shoe as is desired by varying the 
ratio to each other of the long mid short strips b and 0. 
HAVING NOV particularly described and ascertained the 
nature of our said invention and in that panne- the same is 
to be performed, we declare that what wo claim is:- 
L, As ignition magneto having a rotary magnet or 
inductor and stationary armatLre pole shoos, the length of 
which at the cylindrical face o the shoe opposite to the 
poles is greater than the length of the shoe at its 
junction aith the armature coil core, both lengths being 
measured in the direction o7 the axis of the rotor, charac- 
terised in that the said stationary armature pole-shoes are 
formed of laminated sections constructed and arranged in such 
Danner that only a very short lenth of the riux -ath is in 
a direction transverse to the direction of the laminations 
for the Dose specified, 
2. 'n ignition mgnoto as in claim 1, in iich 'he 
stati nary axmatu-e -olo shoo s are lormed of alternate long 
a short laminated sections, t short sections alproL:imately 
_Go 
terminating A.th the pole shoe proper and the longer sections 
serving to transmit the flux from the pole shoes to the 
armature core. 
3. An ignition magneto as in claim 1, in 7ihich the 
stationary armature oole shoes are formed of long and short 
L.min,Ited sections, the short soctions being positioned 
between consecutive long sections in such n-onler as to accord 
with the desired ratio between the mazirnm length of the 
:role shoe and the length of the pole shoe at the junction 
with the armature coil core, both being measured in the 
direction of the axis of the rotor, substantially as described 
and for the purpose specified. 
4. An ignition magneto constructed substantially 
as described with reference to the accompanying drawings 
for the purpose specified. 
D to this 11th day of ITebruary, 1922. 
(Signed) Haseltine, Lake & Co: 
28, Southampton Buildings, London,Enfrland, 
&rid 
Park Row Building, 15, Dark Row, New York,1%Y. U.S. 





PROVISIONA1 PATTT 32E0IkICATIOU. 
No. 24654/1921. 
PATENTS AND DESIGN ACT 1907 and 1919. 
PATENTS FOR ro.2. 
PROTTE,IONAJ, 
"Improvements in or relating to electrical contact 
breakers" 
Te, TTM BRITISH LIGHTING IcriTior COIDANY 
LILITED, a British C;ompany and. EDWARD 3RO7NE TUP'2EN, 
a subject of the King of Great Britain, both of Cheston 
Road, Lston, Birminn:ham, in the C!onnty of Warwick, do 
hereby declare the nature of this invention to be as 
follows:- 
-1- 
The present invention related to electrical 
contact breakers and more especially to contact 
breakers for the ignition apparatus of internal 
combustion engines of the kind in which a rotating 
cam causes a pivoted breaker arm to oscillate, 
whereby an electrical circuit is broken intermittently. 
A contact breaker arm as employed in apparatus 
of the kind reftrred to commonly comprises a thin 
tabular bush of metal of fibre or other material 
serving for the bearing of the arm upon a fixed 
pivot pin, this bush being forced into a metal con- 
tainer or fastened in some other way, and a heel 
constituted by a block of fibre or like material 
riveted to the body of the breaker arm, aginst 
which heel the cam is adapted to strike. 
According to the present invention both the 
cam operated heel and the pivot bef2ring are formed 
in a single suitably shaped member of fibre or other 
suitable material. 
k constructional form of contact breaker arm 
according to the present invention may comprise two 
similarly shaped plane punchings of thin steel or 
other metal each in the form o±. a strip having sut- 
stantially parallel edges with an enlargement at one 
end at an obtuse angle to the edges. Between the to 
metal punchings is received by rivetting or other- 
wise the aforesaid member of block of fibre or 
-2- 
other suitable material which may extend from the 
enlarged ends of the punchings throughout the whole 
or a portion of their length. The contour of the 
fibre or other block mag correspond in the main with 
that of the punchings but at one part, preferably at 
a part r. tive y remote from the enlarged end and at 
the same side the blook is formed with a projecting 
portion to constitute the heel. he punchings with 
the block betwcon them, form the contact breaker arm, 
the contact being carried at any suitable part and the 
enlarged and being bored to form the bearing for toe 
fixed pivot pin. The ounchings may be provided each 
with two lugs projecting one o either side so that 
when the parts are assembled the corresponding lugs 
may be turned down at right angles to the plane of the 
punchings to form on one side of the arm, preferable 
the heel side a support for the contact (which may 
lie beyond the heel or between the heel and pivot) 
and on the other side of the arm a retaining slot 
for one end of a the other end of which 
bears against a fixed post and the function of which 
is to press the arm :)-ad its contact to arde the fixed 
contact. A strip of copper may be laid along this 
leaf spring and ,sr tably secured. The block of fibre 
or other suitable material ma be made of laminations 
rivetted or otherwise secured between the punchings so 
as to form the equivalent of a single block. 
-3- 
One advantage of the form of construction des- 
cribed is that with the employment of fibrous or other 
material having a definite grain it may conveniently 
be arranged that 'he direction of the grain at the buSh 
is perpendicular to the axis of the bush and, that the 
direction of the grain at the heel coincides v'ith the 
direction of motion of the rubbing face of this cam; 
at both points the wear tykes place amone the edges 
and not across the edges of the laminae. These con- 
ditions ensure the bent conditions for wear at these 
two points. 
The arm may if desired be maderith a single mete), 
flanged plate folded up to embrace the non-metal portion 
of the arm, or alternatively a single metal plate may 
be rivetted at one side of or interleaved with the none 
metal part. A a further alternative the metal may be 
entirely dispensed with except in so far as it is re- 
quired to form e suitable sue,ort for the contact. 
With the eresent construction of arm, having the 
bearing of the pivot and the heel in the same unit, the 
usual thin walled bush is elirinated and a substantial 
bush provided which cannot rotate and the heel, uring 
to its supeort by a considerable body of the same mater- 
ial, is stronger than thensual heel, and is not liable 
to work loose. 
_Rated this 16th day of eenetmber, 1921. 
-4G 
COPY. 
COMPLET ; PATENT SPECIFICATION. 
îúo.27110 1921. 
PATENTS AND DESIGNS ACTS, 1907 and 1919. 
PATENTS FORr: NO. 3. 
COMPLETE SPECIFICATION. 
"Improvements in or rolatinr, to electric c.:icches". 
We, THE BRITISH LIGHTING 04 IGNITION COMANX,LI..'-I1^ED, 
a British Company, of B.L.I.C. Works, Cheston i.tioad, Aston, 
Birmingham, in the County of 1';`xre^iek, a. British Company, 
ERNEST OWEN TURNER, of 35, 1,1a,yfie::.d Road, IIoreley, Birming- 
ham, in the County of ma.rwicl., and ED'AI=.D BROWNE TUP:?Eld, 
of 96, Court Lane, Erdington, Birmingham, in the County 
of `-a.rwick, a subject of the Kinr. of Great Britain, do 
hereby declare the nature of this invention and in 'That 
manner the same is to be performed, to be particularly 
described and ascertained in and by the following statement:. 
-1- 
002Y:. 
COILPYT,TE TqTENT S7E0IFICATI011. 
No. 27110/1921. 
The present invention relates to electric switches of 
the kind having stationary insulated contacts located in a 
housing and adapted. to be engaged by a movable contact 
operable by neams extending outside said housing. 
The chief object of the invention is to provide a 
switch of this kind of ample and robust construction 
especially suitable for use as a foot-operated switch in 
connection with electric starting motors for internal 
combustion engines wherein large low-voltage currents are 
usually employed. Further objects are to provide a switch 
of this kind wherein the risk of a short-circuit between 
the fixted contacts or the bared parts of the leads attached. 
thereto is reduced to a minimui, and which permits of ready 
examination of the contacts in their operative positions 
and of the operative movements of the switch. 
According to one feature of the invention a switch 
of the find referred to is provided with insulated fixed 
contacts consisting of plugs or blocks of conducting 
material the inner ends of Which aro adapted to be engaged. 
by the movable centact and, the outer ends of which are 
formed with sockets into which the ends of the conducting 
wires may be sweated. According to another feature a 
switch of the kind referred to is erovided with fixed 
contacts consisting of plugs or blocks of conducting 
-2- 
material which are maintained in position in surround- 
ing insulation by tongue-and-groove, dovetail or like 
connections. 2urther features lie in the rorm of fixed 
contact, hereinafter described, and in the general con- 
struction and arrangements of earts described constitut- 
ing a switch in ehich the several objects hereinbefore 
referred to are attained. 
In order that the invention may more clearly be 
understood and readily carried into effect, it will now 
be more fully described with reference to the accompany- 
ing drawings which will illustrate one preferred con- 
structional form of switch embodying the present in- 
vent i on. In these drawing s. 
Figures 1 and 2 are vertical sections taken on 
planes at right angles to one another, figure 3 i$ a 
sectional plan on the line a-b of figure 1, and figure 
4 is a perseective vier of one of the fixed contacts. 
Referring now to these drawings1,1 are the fixed 
contacts and 2 is the movable contact, these being 
locatdd in a housing 3 which is of rectangular form open 
at the bottom and one side, the open side being adapted 
to be closed by a cover-plate 4. The upper pert of the 
horsing which may be Of any suitable material such, for 
example, as cast aluminium, is formed as a plate 5 
provided with screw holes and servos for attachment of 
the switch to the floor board of , motor vehicle. T' - 
plate F has a central aperture for the passage of tht 
spindle 6 upon %ditch the movable contact 2 is mounted. 
and am upwardly projecting cylindrical housing 7 
which serves to acoommodate the said spindle and th, 
spring 8 which serves normally to maintain the movable 
contact out of engagement with the fixed contpcts. 
The top of the spindle carries a cap 9 which is 
preeferably of non-rusting metal of suitable hardness 
and which makes aslidin it with the cylindrical 
housing 7. This cap serves for the operation of the 
switch by the fodt and owing to its ohape and the 
manner in which it co-operates with the housing 7 it 
serves also to exclude entrance of dirt or moisture 
and as a guiding device for the spindle 6. The louer 
end of the spindle is reduced in diameter and carries 
the movable contact 2 the latter being insulated from 
the former by suitable non-conducting material 10. 
metal whSher 11 is provided over which the end of 
the spindle is rivetted to hold the parts in position. 
As will be seen from the drawings the movable contact 
is mounted somewhat loosely upon the spindle so that 
it may adjust itself in relation to the fixed contacts 
when the switch is closed. The housing 3 is lined 
on three sides with insulation consisting of a sheet 
of fibre or other insulating material 12 which is held 
in position by rivets 13 V-hich also hold in position 
as insulating block 14. The fixed contacts 1 are in 
the form of ralatively magive blocks or plugs prefer- 
ably of copper having sockets 15 into which the bared 
ends o the conducting leads may be sw 
-4- 
ated. 
The insulating block 14 is formed with a tongue on 
each side as shown in figurea. and one side of each 
fixed contact is formed with a corresponding groove 
so that on the contacts being slid into position 
from the side they interlock with the block 14 and 
are thus held in position primarily by the said block 
and secondarily by the rivets 13 by which the said 
block and the insulation 12 are fixed in the housing 
3. The shape of the fixed contacts 1 uill be more 
readily seen from the perspective view, Figure 4. 
The open side of the housing 3 is covered by a plate 
4 which is provided on its inner side with a sheet of 
insulating material 15 maintained in position by rivets 
17. The cover plate 4 is removable and is held in 
Position by the screw 18 which traverses holes formed 
in the cover and the block 14 and screws into athreade 
hole in the back of the housing. It will be noted 
on reference to figures 2, and :-, that a little 
is provided between the insulation on the cover 
pate and the block 14, the object of this being to 
ensure that the contacts i are held firmly in position 
when the -cover plate is applied and the screw 18 
tightened up. It will also be noted that the in- 
sulation 12 and 16 t.nd the insulating block 14 are 
extended downwardly to assist in preventing any acc- 
idental contact between the bared ands of the con- 
ducting leads. As will be readily understood the 
block 14 may be made up of several pieces of the 
-5- 
shape shorn in figure I punched out of sheet material 
and ft T7111 further be understood that the shape of 
the tongues on the block 14 and the grooves inthe 
contacts 1 may very from that shown, they may, for 
example, be of dovetail shape. Further, the tongues 
may be provided In the contacts and grooves in the 
block 14, or tonFueand groove or like connections 
may be provided between the contacts 1 and the insul- 
ation 12. In the case of eroviding grooves in the 
insulation 12 it would of course be advisable to em- 
oloy insulation of greeter thickness than that in- 
dicated in the drawings. 
VING NOW particularly described and ascer- 
tained the nature os our said invention and in what 
manner the same is to be performed, we declare that 
what we claiu is:- 
1. fm electric switch: of the kind referred to 
having insutated fixed contacts comprising plugs or 
blocks of conducting material the inner ends of which 
ere adapted to be engaged by the movable contact and 
the outer ends of which are formed with sockets into 
which the ends of the conducting wires may be sweated. 
2. An electric switch of the kind, referred to 
having fixed contacts comprising pkugs or blocks of 
conducting material maintained in position in surroud- 
insulating material by tongue-and-groove, dovetail 
or, like connections. 
-6- 
3. ::n electric contact consisting of a plug 
or block of conducting material having a tongue or 
groove on one or more of its sides substantially as 
and for the purpose described. 
4. An electric snitch having its parts con- 
structed and arranged substantially as described s:ith 
reference to the accompanying ara ings. 
Dated this 12th day or October, 1921. 
(signed.) 'Taseltine, Lake Co., 
28, :;outhr oton Buildings,London, 
England, and 
lark Row Buildings, 15, lark ::o,, :dew York, 
N.Y.,U.S.n. gents for the Application. 
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PROVISIONAL PATENT SPECIFICATION. 
_L2_222221221' 
PATENTS AND DESIGNS ACTS, 1907 and 1919. 
PATI+'.NTS FORM NO. 2. 
PROVISIONAL SPECIFICl.1'!'ION. 
"Improvements in or relating to the construction of 
gear wheels." 
We, THE I3RITISIï DIGHT Iii G& IGNITION COMPANY, 
LIMITED, a British Company, ERNEST OWEN TURNER, and EDWARD 
BROWNE TUP2;j d, both Qnbjects of the king of Great Britain, 
. 
all of B.L.I.C. Works, Ciieston Road, Aston, Birmingham, 
in the County of ':ïarwick, do hereby declare the nature of 
this invention to be as foldtovs:- 
-1- 
This invention relates to the construction of gear 
wheels, espeoially those employed in electrical ignition 
apparatus for use with the internal combustion engines 
of motor vehicles, where it is desirable to eliminate 
noise as far as is practicable, such vehicles as usually 
constructed frequently giving rise to noises due partly to 
the meshing of the teeth and to the ringing sound set up 
in the solid wheel by the impact of the teeth on one another 
1 
Such wheels have frequently been mado,in one piece of metal, 
such as steel, brass or gun metal, giving them a characteris 
ring when struck. 
Aecordine to this invention the gear wheel (either 
one or both of the gear wheels in the pair employed with the 
ignition aoepratus) is made of laminated metal sheets and 
between adjacent metal laminae are placed thinneniaminae 
of sound deadening material, the complete set of laminae 
being riveted or otherwise firmly secured together to 
form a solid wheel. The sound deadening material may be 
fibre, leatheroid, tough papar or other textile material 
or any other substance which will damp down vibrations 
set up in the metel. 
The wheel may be of plain disc or ring form with 
rivets firmly gripping the outer metal laminae and 
binding them on the intervening layers, the rivets if 
required terminating in studs projecting from the face 
of the wheel for attachment purposes. Or the laminae form- 
ing the body or central part of the wheel may have additional 
laminae secured to them at the edges making a toothed rim 
.) 
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of increased thickness, in which case the m in laminae 
may be dished to rive rigidity, rivets or other securing mean' 
being provided both at the rim and at the thinner middle 
portion oí the wheel. In the case of the pair of gear 
wheels of ignition apparatus the second construction is 
especially suitable for the larger or half speed wheel, 
while the first of flat construction can be employed for 
the small or full speed wheel. 
Dated this 3rd day of Novembor, 1921. 
(Signed) Haseltine, Lake & Co., 
28, 5outhampton Buildings, London, England( 
and. 
Park Row Building, 15, 2ark Row, New York, N.Y4V.S.A. 
Agents for the Applicants. i 
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PATENTS AND DESIGNS ACTS . 1907 and 1919. 
PATENTS F C'EI,g NO. 2. 
.'ROVISI Oy`TAZ 52 :UIF ICATIOáT. 
"Improvements in or relating to ignition magnetos 
for internal combustion engines" 
We, THE BRITISH LIGHTING & IGNITIOI! COMPANY 
LIMITED, a British Company, ERNEST OWEN TURNER and 
aD" ARD BLOWN.' TU2:11N, both subject of the King of 
Great Britain, and all of B.J1. I. i. .' orles, Cheston 
Road, Aston, Birzoin; ham, in the County of Warwick, 
do hereby declare the nature of this invention to 
be as follows : - 
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This invention relates to ignition ma rnE:tds for 
internal combustion engines said magnetos being of the 
type in which a rotary magnet is employed in conjunction 
with a fixed armature, and has specl.a1 reference to the 
mechanical construction of the magnet rotors for irrìitian 
magnetos df the type described in the specification of 
patent ap)lication No.14777 of 1921, and in particular 
of rotaors of the type in which solid magnetos with pole, 
shoes of laminated soft iron are employed. 
According to the present invention magnet rotors 
for use in ignition magnetos or the ' ype referred to an , 
having pole shoes of laminated constructions are provided . 
witn one o:r more plates of non -magnetic material inter - 
leaved ut suitable intervals with the iron laminations 
constituting the said )olei shoes, whereby there may be 
effected a rigid fastening of the pole shoes in position 
with but little or know redaction of their effectth' e 
cross-sectional area by the space usually ocupied by 
rivets or like fastenings. The plates of non -magnetic 
material may be shaped so as to occupy a proportion of 
chc space which, to avoid undue magnetic leakage,is left 
between shoe and magnetic limb, between magnetic limbs 
of opposite polarity, or between the magnet and the sur- 
rounding stationary shoes of the armature. In the space 
referred to bolts or rivets may conveniently be placed 
without encroaching on the laminated portion of the 
shoe to fasten the shoes to flanged spindle extensions 
at each end,, or, if desired, such holes may intersect 
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the shoes over a part of their peripnery, the otner 
part being in the non-magnetic plates only, 
By connecting together a plurality o.r the non- 
magnetic interleaving plates for oposite pole shoes by 
extensions bridging the tips of the hoes pnross the 
magnet from pole to pole, the advantage is obtained 
that the shoes for north and south poles of the mAgnet 
are held together in a kind of cape, into which, after 
rivetting or otherwise securing the iron laminations 
constituting the shoes and the non-magnetic connec- 
ting pieces referred to above, the magnet may be 
introduced prior to the final attahcment of one or 
both of the flanged spindle extensions which support 
the bearinc7s on thich the complete rotor revolves. A 
further advantage of the cane referred to above is that 
the Udes betwe n tho north anet south pole shoes may bo 
used to prevent the magnet from being displaced in 
either of these two directions, and the pole faces of 
the magnet are kept in close contact with the corres- 
ponding faces of the pole shoos. With this construction 
a U-shaped magnet is preferably employed, and this can 
be disposed so th.dit it is mechanically balanced, or 
alternatively extra balance 1-oghts may be added to 
whichever side is the lirht r. 
'ith a cage construction si ilar to that mention-A 
above formed by connecting together a tlurality of 
non-magnetic interlenxing, plates by extensions bridgin:- 
the tips of the shoes a-ross the magnet from pole to 
pole, the pole shoes may be provided each with a wed -e 
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or other suitably shaped slot, into which the ends of 
the magnet are fitted, thus preventing sideways 
displacement of the magnet without ;544itowti the necessity 
of using non -magnetic interleaving plates suitably 
shaped for this purpose. An advantage f this con- 
struction is that the area of contact between the 
magnet and pole shoes may be thus increased with a 
corresponding reduction of the relactance at the joints, 
and by employing an S shaped magnet, as is preferable 
in this modified construction, the further. advantage 
Noy be secured of a syranettrical disposition of the 
ma Ynet, ,hoes, and non-magnetic plates, 80 that these 
various parts (cart being taken to socure this when 
necessary) are mechanically balanced during rotation 
of the complete rotor. 
The magnetic may also if desired be made up of 
a number of magnetos og correspondingly reduced axial 
length, a small space being left between each indi- 
vidu-1 magnet for a non -magnetic partition, which in 
this case may be made stronger if required, as the por- 
tion of the area that otherwise would be taken up by 
the magnet, is set free, and advantage of this may be 
taken by stiffening up the Parti tion very cor_siO erably 
if it is desired. The ddvant.age of the use of non- 
magnetic partitions in the m.: nner described in that the 
pole shoes are thereby made much more rigid and less of 
their cross sectional area need be taken up Iv rivets 
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or screws. 
Mile in the case of ignition magnets o::' the 
type that spark symriettrically twice per revolution 
the pole shoes are usually so designed that the pole 
arcs subtend an angle of 900 at the point constitut- 
ing the centre round which the said arcs are described, 
in the case of the present invention the pole :hoes 
may be designed so that they subtend any desired angle, 
and in particular an angle substantially less thon 900 
and in this latter ease the length of the pole arc of 
the stator shoes is increased by an amount dependent 
on the extent to which the aforesaid angle has been doh. 
creased from the normal angle of 900. By means of 
this construction the magnetic leakage between the,shoe 
tips and the neighbouring portions of the magnet, can 
be considerably reduced. 
Ihe present invention is applicable to devices 
having various forms of magnet, either straight or 
curved in such shapes as those of an S or U, and in 
which the pole shoes, whiling com;;ri>ing a number of 
portions to admit of interleaving with plates of non- 
magnetic material, having the said portions either cf 
solid or laminated construction. 
Dated this 23rd day of December, 1921. 
(Signed.) Haseltine, Lake Co. Ltd., 
28, Bouthampton Buildings, London, 'England, and 
Park Row Buildings, 15, 2ark Row, New York, N.Y.,U.S.A. 
cents for the applicants. 
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COPY. 
I'I:OI'OCTA PROVISIONAL SPECIFICATION. 
of 
THE BRITISH LIGHTING t'c I!jI1I^IOïl COPi?:11+Y, 
LIMITED of B.Sa.I.C. Works, Cheston Road, 
Aston, Birmingham, a British Company and 
ERNEST OWEN TURNER, of 35, Lü.yficld Road, 
Moseley, Birmingham, a subject of the King 
of Great Britain, 
for 




This invention relates to induction coils 
and has partical,:x reference to i5.:nition coils 
intended for use with internal combustion engines. 
Hitherto induction coils have been made 
with open magnetic circuits, that is to say, the 
magnetic circuit associated with the wind4ngs o. 
the coil was composed rvIrtly of iron and partly of 
air. As the relictance of the air part of the 
magnetic flux path is so much greater than that of 
the iron, the magneto-motive force of the primary 
windings is spent almost entirely in overcoming 
the reluctance of the air gap. In the various 
forms of induction coils heretofore employed, al- 
though the air oath has been made of various lengths, 
in all cases the length has been greatly in excess 
of that required, as will be hereinafter explained, 
for obtaining in the most economical and advantageous 
manner a given outout from the apparatus. 
-ith ignition coils, and especially in the 
case of those which are intended to operate vrith 
high speed internal combustion engines having a 
large number of cylinders, for example 6, 8 or 
more cylinders, the interval of time Yhich can 
be allowed c)/- the aarrent. 
to rise in the primary winding prior to its 
being interrupted, is extremely short, and in 
many cases the current is interrupted at a value 
l'hich is only a small frection of the value the 
current when the interruptions take place at a 
low speed, so that the energy available in the 
secondary circuit is lowered. The rate of rise 
of current in an inductive circuit is governed 
bj the ti e constant or the ratio of the induc- 
tance to the resistance of the circuit, which. 
may be represented by the expression 
Flux X Turns 
Voltage 
2.sseming therefore no alterations of the flux 
to take place, and that the voltage and current 
consumption of the coil are allowed to remain the 
sane, a great reduction of the length of the air 
gap, or in other words a replacement of this part 
of the path by iron, will lead to a great reduc- 
tion in the number of ampere turns required and 
thereto a consiDerably fewer number of turns in 
the primary winding will be required. The effect 
of this is to bring about a greatly reduced time 
constant, and thereby to overcome the difficulty 
referred to above aleei in providing a coil which 
will give an adequate performance when used with h, 
high speed engines. For example, with a certain 
size of coil having its secondary winding positioned 
intermediate between the iron core and the 
orimary winding, a flux of 10,000 lines was 
oroduced by 1300 ampere turns; in a coil 
of the same design but having its air gap re- 
duced to the lowest limit (as will be herein- 
after referred to ) the same flux was obtained 
with 200 ampere turns. The tine constant of 
the coil was thus reduced to less than one- 
sixth of its former value. As in many cases 
so great a reduction in the time constant in 
unnecessary for overcoming the difficulty in 
operating at high speeds referred to above, the 
factor of 6, or whatever figure this may amount 
to, may be advantar,eously employed in other ways. 
For example, instead of the turns being reduced 
to one sixth they may be halved, the flux doubled 
and the extra turns av- ilable used in overcoming 
the increased reluctance of the extended iron 
circuit. 
It will generally be found that the best 
performance of the coil is not obtained merely 
by by the provision of a single air gap placed 
at random in the magnetic circuit. A better 
performance may frequently be obtained by split- 
ting up the total length of air gap required into 
two or three separate air gLps at different 
positions in series in the magnetic circUit. 
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We have also found that certain positions in the 
magnetic circuit give more favourable results than 
others; for examele, if the primary winding con- 
sists of a simple :oil over v.rhich the secondary 
is viound, it is advantageous if one air rap be 
made in the very middle of the coil, that is to 
say, at an equal distance from either end of the 
layers of tuo primary winding, and other raps be 
then made, as, for instance, at each end of the 
core, thus providing, in this case, at least three 
gaps in the circuit. These raps may be made 
equal in length, or the respective lengths of 
the gaps may be so arranged as to give the best 
performance of the coil as found by experiment. 
The performance of the coil is furthermore 
affected by the -ay in which the Eap is made, ,by 
the direction of lamination of the iron on either 
side of the gap, and by the a'' of flux which 
leaves the iron in the neighbourhood and on both 
sides of the gap, thus forming a fringe. In 
designing the raps in the magnetie circuit, par- 
ticular care must be tal-e! " t the flux oath 
does not form itself in plane ,t right angles 
to the plane of laminati A of th iron, as the 
resultant eddy currents which are formed at the 
opening of the primary circuit greatly reduce 
the benefit which can be gained by s reduction 
in the ail: gap length. 
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Various forma of construction in accordance with the 
invention are hereinafter described, 'whereby the 
flux path in the neighbourhood of the joints is 
designed so as to approach as nearly a possible 
to the ideal, that is to a path wholly confined to 
the direction of the laminations. LmOngst the 
advantages arising through the reduction in the 
air path of the magnetic circutt in accordance 
with the present invention are the following:- 
1. The time constant can be halved or 
decreased to some still greater proportion. 
2. The number of secondary turns, in con- 
sequence of the increase Of flux, may be halved or 
altered in some other proportion; this brings about 
a very considerable saving of space in the apparatuo 
at the same tile reducing the cost of material and 
labouk. 
S. As a result of the increased saturation 
of the iron, the performance of the coil with a 
varying voltage applied to the primary winding is 
rendered more uniform. 
4. Another advantage which may be derived 
dependant on the foregoing, is that with the sat- 
uration density of the iron being approached and 
the performance being more nearly uniform, the 
generation of a higher sparking voltage from what- 
ever cause, such as greatly increased primary volt- 
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age, increased f =ark gap length ,or discon- 
nection in the external high tension circuit, 
is prevented, and consequently the safety gap 
most usually provided on ignition coils, may be 
dispensed with. 
5. The magnetic circuit being almost a 
closed one there is practically no field externl 
to the coil, which consequently may be enclosed . 
in an almost closely fitting tube of brass, iron 
or other metal, -hich need not be slotted in the 
direction of the flux path to prevent excessive 
eddy -currents, as is commonly the case with coils 
having an open magnetic circuit as heretofore em- 
ployed. 
û. It ha s be en found that a much smaller 
condenser is necessary to suppress sparking at 
the contact breaker, and this again effects a 
substantial saving in cost especially if a mica 
condenser be employed. 
The present invention comprises an induction 
coil in which the flux path for almost the whole 
of the magnetic circuit is of iron or other mag- 
netic material, the dimensions o r the air gaps 
left in the circuit being relatively small but of 
a size sufficient to ensure a low value for the 
idle flux and quick magnetisation when the primary 
current id broken. If no air gap at all were 
provided the flux would fall, 
at the opening of the contact-breaker points, to 
a value equal to the pr6duct of the remanence of 
the steel and its cross sectional area; in such a 
case the resulting flux drop, in which the value of 
the secondary voltage product depends, might only 
amount to 50 per cent of the total flux associated 
with the windings, or even less. By the provision 
however of the air FapS in. the circuit, the flux 
falls to a lower value, the air gaps helping to 
de-magnetize the iron. If sufficient air gaps 
be left to reduce the magnetism to a comparatively 
small fraction o the working value of the flux, it 
can be assumed that the entire coercive force of 
the steel is effective in maintaining the flux in 
the air gaps, and consequently the product of the 
coercive force of the steel and the mean length of 
the magnetic circuit is approximately equal to the 
product of the series of the lengths of the air 
gaps and the average flux density in the said gaps 
after the primary circuit has been opened. From 
the above considerations it will be seen that suit- 
e.ble dimensions of the air gaps can readily be de- 
termined, the chief factors being the amount of 
inactive flux which is best permitted, the length 
of the magnetic circuit, and the coercive force of 
the iron. For example with a coil having 300 turns, 
e. magnetic circuit of length 10 centimetres and a 
total flux of 15000 lines, 
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(the coercivity of the soft steel used being taken 
for the sake of example as 1.5.0.G.S. units) then 
assuming the inactive flax to be one tenth of the 
total, the area of each of the air flpg faces, 
(the sum of the individual gaps being one millimetre) 
would be about 10 square centimetres and the numbet 
of ampero turns absorbed bu the air gaps would be 
approximately 120, the balance of 180 out of the 
total 300 turns boing re .aired for the iron parts 
of tho citcuit. 
We have found in )ractice that the best per4 
formance id not always given with air gaps deter- 
mined by the above considerations, but that a greatt 
er total length of air gaps may be re uired; the 
difference is to be accounted for largely by the 
insufficient lamination of the circuit, and in 
particular to the ineffectiveness of the laminations 
in the neighbourhood of the joints, to which re- 
ference has already been made. The degree of 
closeness of the air gap length determined by the 
above theoretical considerations to which this 
value may be approached in practice to obtain the 
best result is a measure of the success in lamin- 
ating the circuit. 
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As e'r mples of coils having their maçnetie circuits 
arranged in accordance v;ith the present invention, 
the following forms of construction may be instanced. 
The core, over which the ïrimary and secondary 
windings are wound., may be provided vith lateral 
iron extension pieces projecting slightly beyond 
the outermost winding, so that the core and ex- 
tension pieces present an H shape appearance, tak- 
ing a longitudinal section through the coil. The 
magnetic circuit is completed by iron members rJhich 
are arranged so as nearly to close the top and 
bottoms portions of the H, end an air gap or gaps 
may be left oetwenn the lateral extension pieces 
which form the side members of the 'I and the core, 
in the core as already described, or elsewhere, in 
accordance with the extent of the air, space it is 
desired to leave in the magnetic circuit. In a 
modification of this mode of construction, and air 
gap or gaps may be provided between one or both 
ends of the core and the lateral extension pieces, 
and the top and bottom pieces of the TI may be com- 
pletely closed by iron junction pieces, or two of 
the air gaps may be formed around the core, vrher. e 
it passes at each end through the lateral extension 
pieces. In another modification the 
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core may 'be provided with extension pieces which 
enclose either the top or bottom half of the coil 
alone, one or more air gaps being left where de- 
sired, in the magnetic circuit constituted by the 
core and its extension pieces. 
In order to ensure thtit the flux as each joint 
shall pass as much as poseible in the plane of the 
lmminations, various forms of construction may be 
adopted, for example, when the mechanical construc- 
tion is such that it is necessary to make a break 
in the magnetic circuit but it is not desired. to 
introduce an air gap at that spot the iron lamination 
at the junction of the members may be interleaved 
with ano another. Vhere flux is to be carried 
from one direction. to another at right angles, the 
edges of th- laminations in the two planes may be 
bevelled, so as to make a joint similar to that in 
the corners of a picture frame. Another method 
which may also be employed where the joint is to 
be made between planes of laminations at an angle 
to each other e to band portions of one set of 
laminations more nearly into the plane of the other 
set so that the flax being oomve;ed to this portion 
of the laminations, is conveyed across the gap into 
the adjoining laminations without 'being constrained 
to leave the plane of the lamination. 
Still another method may be adopted, as, Çor example 
at the joint between the core and the extension 
pieces when the latter are broader than the width 
of the core; a hole may be formed in the extension 
pieces, through which the core may be introduced 
and the air raps between core and o:d 'nsion pieces 
ou arranged that the flux is constrained to pass from 
the one to the other across only the edges of the 
laminations. 
In all model of construction above described, 
the primary wri ding may be wound over the core, and 
the secondary winding over the primary, or the wind- 
ings may be reversed in position, alternatively there 
may be two cores, a portion of the whole of each 
~.rinding being ound over each core. The section of 
the core may be of any desired shape, and may be made 
up of flat laminations, or of wire, square or round 
insection, whilst the extension pieces forming the 
remainder of the magnetic circuit may be made up of 
laminations, rivetted, or otherwise held together. 
Means may also be provided for obtaining a very definite 
and exact extent of air gap or gaps, in a manner well 
suited to commercial manufacture by introducing non - 
magnetic material of a definite thickness into the 
air gap, or gaps, left in the magnetic circuit. Slots 
may of course be provided i_" necessary, to reduce eddy 
current losses in the usual manner. Further the 
magnetic current may be so screened so as to eliminate 
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any leakage or fringing matmetin fields outside 
the active structure of the coil, which may be 
enclosed in a relatively closely fitting metal 
case of brass, iron, or other material which may 
be constructed without joints or slits in the di- 
rection of the flux path or at right angles to the 
direction of the windings. 
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